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Tbowy and Measurement* 
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EXECUTIVE SUM4ARY |U) 
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I BROJECT MAY BELL OVERVIEW (U) 

«l ^ftnject MAY SELL h directed towards ocean surveillance and tartical eariy warning and is in* 
vestigstmf the feasibility of detecting and tracking aircraft, missiles, ships and submarine* at ovcs*thc- 
i horuon distances using HF tronoatatk and bbtatk radtfj 


| (t f ) Concepts using thebpfcga aree trtc configurations shown In Fipire 1 are being explored, 

d') support of these concepts various theoretical predictions, propagation measurements, 
section studies and feasibility detection demonstrations have been made. 

yei The program emphasis during the past eighteen months has been tpc.ificaH) directed toward* 
determining :lie attenuation and chittw propagation aspects that apply to tk* concepts that use the wr 
face wave: »d investigating the baric feasibility of detecting and tracking airenft ushtg Mode III. Fleet 
Defense (FAD), and Mode 1Y (a) and (b). Buoy Tactical Earty Warning (B-TFV). 

(U) The various efTorts and their relation and importance to the basic gjcrastrte confutations are 
shown in Figure 2. 


D SUMMARY OF RESULTS (U) 


A. Theory and Mi aanr n a rnti (U) 

1. Bath Lore <U) 

r 0) (pf Mea rjrements o' received signal strength were made over a 300- km path extending from Car»c# 
Oy in ine Llamas to the receiving rite at Cape Kennedy. Rood*. Detailed measurements extended 
Yum January through March, 1970, 

tA JCf The mean ripiul strength measurement s agree well with predict'd 1 received signal strengths in ab- 
^ aoiute Jcvet. The spread of pcants about the mean conforms to lore predictions vows sea state at 5 and 
■id 10 ICHr. trmiffkaent data were readable at 1 5 and 2C MHs to permit comparison*. Dsy-to-day 
correlation of measured signal level with aea state was not reliable because only crude hindcast date wre 
avaflabfe on tea state. System drifts are concluded to be less than 2 dB. Effects of ducting on measured 
tignal strengths ire unknown. Feasible spectral broadening of the direct signal by the moving sea during 
hi^i tea state* app ea r * I on some records. 
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TASK 

A. Theory A Measurements 

Attenuation A Quite* 
Calculations 

ORGANIZATION 

M 1 

i 

OBJECTIVE 

ktermlne surface wi»< attenuation and 
(utter as « function of tea (tatc. frequency', 
ind range 

2. Gutter measurements 

ESSA < 

i 

X>uin simultaneous multifrequency back- 
cattcr tea clutter measurements 

1 , Attenuation A Gutter 

Measure menu 

4. Attenuation Over 

Inegulw Inhomogenous 
Terrain 

3. Oxm Sectwn Shake* 

fUytneon/ 

AfL 

ESSA 

SRI 

Obtain brv>»tt£ clutter and path lorn mcanire- 
nentr. as * function of distance and frequency 

Calculate the extra path kna for surface 
nto over irregular mhamogenou* terrain 

Compile and evaluate known croirsection 
information an SLBM 

6w a^MoAAlfcn^ 

SU 

i 

Calculation and mold t-eaftifemenC of two 
typical ship's crosMection as a funroon of 
aspect, and trequeiwy and polarisation 

7. Ship Ch» Section J 

NRL 

Measurement of the actual ship croawection 
with the MADRE radar 

A Wake Study 

ESSA 

Theoretical investigation of the HF radar 
cross-sections of ship and submarine wakes 
as a function of frequency and aspect 
ancle 

B. Fleet Air Defense 

1. Feasibility Demon- 
stration Test 

ITT/NRUAFL 

j Initial feasibility demonstration of fleet air 
defense emtept using skywsve illumination 
with a d'stant transmitter and bisUtic re- 
ception with dose in receiver 

2. Ship Detection 

NRL 

Investigation of detecting ships on a Doppler 
Mai using the MADRE radar. 

3. Ship Detection 

SU 

Investigating the detection of ships on a 
power basis using FM/CW high resolution 
technique. 
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ORGANIZATION 


C. Buoy TactitrJ Early 
Watnini (BTEW) 


STEW Feasibility Raytheon/ AFL 

Demonstration No. I 


2. BTEW Feasibility Sybvi* 

~ Demonstration No. 2 


D. Hanning end Coordin- 
ation 


OBJECTIVES 


Iweitiptir4 the feasibility of detecting 
and tracking aircraft at short range* 
using • buoy-based transmitter andUnd- 
Used receiver using surface were mode 

Investigating the f^ Wity o^tectmg 
and tracking *t long range ,^1. 

■^ *^1 transmitter and t land-baseo 
receiver uvn* sky wave 

Technical assistance to ARPA in the 
overall planning, and coordination of 
program _ 


^^(.1 (con.. <* 


^ considerably more important occaw* 

(a) 10 The wnen,-*** from the buo, I"™* ^ . „ to thc of the Certer Ce, .«* 

^ nit the buoy i» deep oeeen wetet. ^ confirm to two b»4s or -petot* . 

' m «io*. Tie npial epectnim ehowed **>** ******* ^ |he c«rie.;theie otaemtio« V«* 

hern wide end loc.ted ” m , 0 * e «)oeitie. o. the Boa "»«"« 

with theoey end fiction. *^**?^T )„ ^ *, Cutte, ^u> coaeepond. to » «en,e 
we.ee «po«ibl« uid -30 dB; th» epeee with e pml,aed uppe, 

limit of *23 dB. 
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•. Fleet Air Defawe end Ship Detection (l>> 


0X 

v was ui 


FWet Air Dtfaaae (FAD) <U> 

"1 Wclon, inSaeination b . problem wt.kh mutf be e** .f * 

,»» ed»;ntMe of denying toe e«mr the wotiuni.y ofunn, tin** direction I **"• 
loctw fleet -niu. it b dctir.bU th»t tl# wlution D it lequtre ndulKbi from the fleet 

Co) #< ^ » f “»"* • ^ ^i** 1 ** we ' Z'ZT* S^ud 

V .<»*«. FY 70» pert «f .he MAY BKLL Prognm. In 

toy .ky-waM. frcen tniomitten (eitoet Aiphoow or Uiut-beeelt lo. el «*« ^ § 

peitupt 10002000 iun. Surf.ce wme. which propep.e (rom ** , * te * 10 * reja 
Aip permit detection. to be n-.de men when the tt*et b below the line of »gM nd» homon. 

«r An C.pchmcnt we. P~fonned *« C.P. Kennrfy. RockU, where . 

\L «ud to emulelc toe dopK-ed environment. A « ^ , b ^ 

•boro in . s*.rv» of continued fhgh, pUn, .nd U-.nin.tim, .« by 

BELL trensmitten located ee*ec«iv«.y In M^Utd .nd Vbpn». 
altitude » 200 feet. end detection, wee, rn.de .t w *» » *«*< •* ■» ta. • — * 

pomi.de to tuck the Ur,., in both tong. mi .*»* •» * • b0U ' 5 "* 

(depending on SNRL Tb~ revUti were obUiiwd utin, . «ehring/proc«rg ™ 

anemtded -ting ..Win, eq-,pn*»t. «d thb equipment «. in mroy wy. 

..prtnunul requirement*. therefore, the« rendu titould no. be token .. «p««.ti«, ft. 
or *he limitations of a property deained *yttem. 

f t/l I id) The dynamic rin*e requirement* impoaed by the necetaty of recehrin* «naD . j*. 

w =^r=s=rr == tjss:w== 

(agio 100 n«» loc the P3V) to ren.it detection. a-tt« w« found to be c«np«rt 

naonent Nwctrti line, which an- icnendly well -ndentood in term. of e.btmg «>“"»• 



HbUoouiLLi 
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i ftlpDtUcttoa (U) 

. The foUowinp a a summery of the euious HF pwpaption lechn*-.-a considered foe dup dete-lum. 

Monoetatic Gtoundwatrt Rader hes demonstrated a capability foe the delation of surfue enuh. 

V. «■ the ocean (away from land), it ie predicted that eery modest systems ttwo element antennas and a 
lew hundred watte eeerape power) can proeide detections beyond $0 nmi. The limiu of location 
arcur»y. particularly in azimuth, hm not been studied. 

( n \ isC Monoetatic Skywaee Radar has demonstrated a capability for detecting shipe at cew hop sefsaction 
V nnfrs out to mom Bun 1000 nmi. This ha. been done with coane valid rwolutioniW nmi by 

I '-defsee cell) and line Doppler (0.1 Hi and smaller) resolution. If hipher ^tml mohitmn is empteyed. 
it is predicted that pood ocean traffic sun-eye can oe made on a daily bans. Optimum balance between 
the several forms of resolution has not been studisd. 

r, !«• Hybrid testa ualnp skyweve illumination to the tarpet and proundwave propaption from tasprt 

Wcener twee beer, conducted. Examinat.on of reference tarpt. on the surface and cf return. from the 
*, permit some prediction.. It appears that a hybrid Uat.dc syatem can (in addittan to IB prinwy 
function of deteednp A/C, SSM. and ASM) provide a surface eeand detection capaUh^ ThaJ* . 

“quid** fleet unit quipped with the bW.dc syuun could have many uf the sc-sm, .ba.de. onlln-iy 
provided by comer. tionsi active radar plus additional capabilities. 

(o) <sf It is recommended that the propapt™ of mono.tr tic radu aiundnadon of the am. 

V around a fleet unit be further teated. In puticulu. determination. of the pouibaitim of ship unit .bur- 
vstion of any sttacfcnp miadca or mWfle boet detection. should be made. These teat, should Mtsdy 
contributions pined from the »ariout form, of hiph resolution techniques uni the sequirnnott. foe 
real-time ionosphere assessment foe optimum illumination. 

(o) is< The bistatic hybrid surface wave concept should be texted in the ship-mounted envtommient: 

V ’ u!c* tests could be concunent with the monosutic tesb. The potentul of slow tup. detection should 

be confirmed and thoroughly described. 



c. 


Buoy Tactical My Waralat («HI jxC^) 



I. BTEW-I (U) 


( o) rtf' TViTFM cooccFt ta*ol«et dattctioo oflow Hyin* alien n a( OTH dulancctby fflu-ninatin* 
the target with a baiumirier located on an off-shore buoy and reception of the target echo ripial at a 
ihor; based ircdvcf site via a ground we propagation nok. Fea Ability teat* woe conducted off the 
Rorida coast using a transmitter located on Carter Cay (juit north of Grand Bahama Wand) and a re- 
ccmng station at Cape Kennedy. The path length was 300 kin and the target was a N«*y F3V Aircraft 


(?> 
U)sx' 

v_ assess p 


^ The feasibility tests were successful and demonstrated that standard radar calculation techniques, 

with application of Bairirks’ leas model could be used with reajoraHc confidence, to describe the 
coverar afforded by the BTEW-I concept. The teats, then, established and validated a model foe calcu- 
lating coverage. 

Several variations of the original concept were examined, using the model, in a first attempt to 
_____ potentid capabilities in application to the dcfe<tse of the CONUS, of special ttratefic areas, and 
of the fleet The results of there analyses indicate that surveillance can be maintained out to ranges of 
300 to 400 km from a abort station with systems of practical dimensions. For example, the ast coast 
of the U.S. from Nora Scotia to the Straits of Florida, could be cowered by about 10 ifcore stations and 
a fence of 30 buoys. 

Although the primary objective of the Florida tests was to detect low flying aircra (Where was 
alto the opportunity to observe the launch of a Poseidon missile from sea. Excellent detection results were 
obtained. No analysis has been attempted to describe the early warning potential of this kind of aystem 
against SLBkfi; however, it seems apparent that significant coverage of Urn threat can be achieved with 
a very small number of terminals. 


T *0 The program has reached the potn: where basic feasibility has been demonstrated. Some refine- 

v men! to the undemanding ot fundamental limitations is required but more empharis now should be 
placed upon th ? definitiun of performance and interface requirements. of detailed concept definition, 
and upon examination of some of the more obviurt engineering problems. 


X TTEW-2 (U) 

( l)) The BTEW-2 concept involves target detection -t long OTH ranges by illumiratin* the target with 

^ * buoy mounted transmitter ard recephoo of the target signal at a remote receiver ute via sky-wave. 

Tests of this concept were succemful but indicated that coverage would be very limited for any presently 
practical level of buoy transmitter power. 
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HI recommendations <ut 


A. AMDoaal (II 

^ ptnod. T>* priHunr P«n>o" *7*^"”",^ .tfnltfrity Dtu p«—uy r"** "* ‘^ m6en * 

„,,h k» nuctutbom wi *^ , ^ iBd ^ d u rioM . In uMitfoo. U« «W rion, th« P«rrk« p.th 
- w ** UK* *««“ « would * .h, W- «0 kn, -~««« 

• Reduction <X Exktj«| D»ti <l)> 

GV 

pnccsed by Kwtbeoa. Mmm. » _ Ruction of aeriil profilotneUx wi**- i*h< lUU 

— =s^s=ssr— - 

C. Fleet Air Defence (FAD) (U) 

( 0 ) »r no- « tat ft. f«»baity *** *• 

* ” '*' ted in, ° 1 fuDy 

maud system. 

•xssxsssz&sstt-"-" 


•ssrsssisssis^- 5 ® 

d Repeet the* tests in • shipbowd experiment 


syttctn in i Un<M**ed 

BEU). 


I 


§rc f nr:: 


fitu 







• Mum FWrt Air Defer rm System studies to further define the performance requirements, 
the tatanction rtth other systems, uA tkr op«r»do*ul utility. 

* kmM ^amretnentt of the ciom sections of representative aircraft and mlnite 
targets foe vmtous frequencies potirlxaiiom, and bisutic peoraetiies 



Buoy Tbctkal Earfy Wandm (iTEW) 

li jg fecoouneoded that lyitcmt inalyiis be continued with emphasis in the foOowi’tg artit. 

• To provide • more compete description of cover*** capabilities for v*riou* deployment 
concept*. 


• To qt aM r** 1 the minion and provide a definition of performance and interface 
requirement*. 


• To perform a prdlraintry cost tradeoff analysis of the vtriou* deployment concepts. 


• To ferwUpte the antenna pin and lamVtea interface problem*. 

• To recommend technique* for target location and tracking, 

• To mtm the wagnl Mdc of the dynamic i»npe problem and to recommend mlutiona. 

• To obtain bfcstetfc aom-section information on tepimentathre aircraft and mimTe 
tnyrtL 


I 
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OCT AILED PROGRAM OBJECTIVES AND KEY ISSUES IU1 


Dr. J.W. Fdttn.Jr 

The John* HopkJna University 

Aw'** UN'fti.wy 

8621 Oorpi 
Sihtt Spnnj. Md. 20VI0 


I 1NTRODI iCnON (U» 




X, T - V ••• “E- L program is aimed »« obtaining solution, to the *. »t»eai.nee problem both foe 

CtM ear- «=, o. mnsi.es an, aticraft 

dcf*™ that _ ~er-tv>hohaon surveUance of attacking mmJ«. aircraft and dupe (See *«<*"* 

^ *i , ' A-iare* -mher of system contlguntion. can be u«d to .** p«ts of the* probleou. Ac t . 

workshop we an-. - .odetenn.ne the bed combination, of .>*«,, to do Ot. ioband U, Ctnute «•« * 

effectiveness of enr-mnanons. 

fo)tST For tactical early wanting .t is possible to u« land-bmed monosutic skywave or surface wave 
L ^oc. ship-based surface wave rartar. Vanous birtauc system, invot.e buoy, 

or surface -a« urge. .Mununation wiU. either surface tmnsn.suonto.U^ba^ 

receiver. One interesting postibitity would be Uansnusston in die opposite 

power can be achieved. leading to a 40 d8 improvement in system perfomance. In wm W™*™ 
iTappean that a buoy Unbuoy birutic system would be effective Finely, die UK of » mnraft to 
genente a synthetic reiving apertu.e in conjunction with a dry war. illuminator may p.ovtde tire 

surveillance desired. 

I o) 18^ For the Her, air defense system, choicea ast limited if it is detittd to mafc’ tin radar aencp aboard 
L W A monosutic land-bmed drywave racUr can moo., or the ocean anrnnd d« j 

information through appropriate communication links. Bbt.dc 

illumination and airfice wave propagation to the ship, buoy line-of-mgh* or airfaceemve target dl ;} 
nation, and surface wav, prop^tion to dtip. and airbon* synthetic apertum a, above. 
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TACTICAL EARLY WARNING 

TARGETS 

SLRM 

SLCM 

AX 

SYSTEMS 


MONOSTATIC 

SURFACE WAVE RADAR 

SKYWAVE RADAR 

WSTA ^SoY UJSTARCET SURFACE WAVE TO U^ORR£VERSE 
BUOY LOS TARGET SKYWAVE TO LAND OR RE\ eRSE 

S^AVE ILLUMINATE - A/C SYNTHETIC APERTURE RECEIVE 


fleet air defense 

TARGETS 

SLCM 

A/C 

SHIPS 


SYSTEMS 

MONOSTATIC 

LAND-BASED SKYWAVE RADAR 

WStA ^AND-BASED SKYWAVE ILLUMINATE SU^ACE*AVE TO SHIP 

^sasa:sssas«B— 

(0) jrfnpnl. MAY BELL Prt)fr«n Object*™, S« SurrJlBK, iCr""^ 



rri 


SURFACE WAVES 




llUwiuri^Uii IlU 


( ^ ) iSl Before the effectiveness of the** systems cm be determined, the following key technical pfi»Wems 
^ < / that must be answered: for surfscc wives, the effects of see state on clutter end propsption; for sky* 
waves, the coherence of the ionosphere on nearby paths. For ships one problem is effective sntenni 
aperture and beam steering in the presence of resonant superstructure, and second, the problem of RF1 
from intermodulation products from other transmitters sboard ship. For buoy platfor-ni. the problems 
are adequate an'-ennas, power and security and to some eetenl survivability of the buoy. Key system 
peoNttnv in addition to accuracy, coverage, and effectiveness, are ECM. a nuclear environment, and 
finally possible give-away of information to the enemy as a result of our transmissions. 

tUt These key problems air the basis of the questions prepared foe the discussion g.oups and it is 
hoped that most of them can be answered at this woitshop. 

II REQUIREMENTS FOR EARLY WARNING (U> 

f'S) 

The usefulness of an OTH early warning system depends on the probability of dete^-on. the 
probability of false detections, and the accuracy of location and identification. These parameter* are 
interrelated in d depend on the amount of additional warning time achieved. 

(.A 


For fleet Air Defense (see 


minimum of five minuter (until the threat comes oveMhe+oruoiJiJ required to jet the ship to general 
quarters, and fifteen minutes if fighters have to be scrambled. The required accuracy is r 5° rince the 
target must be designated within the 1 5 • 20° acquisition sector scan of the fire control ndars. It is 
especially important to note that attempts to defeat a cr V missile by ECM or chafT ire much more 
effective before a missile locks on a ship. 

q | ygf For buoy tactical early warning aiv craft detections should allow interceptors to be scrambled 
' for intercept outside ASM range. Typically this requires ranges of 200 - 300 nmi and an accuracy 
of S nmi. 
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THEORY OF ATTENUATION ANOCLUTTfJl lU) 

Doruki E Darrici 

Bilkllt Mmohil Institute 
505 King Awwt 
Columbus, Ohio 41201 


I INTRODUCTION (t I 

(Ui Over the past year and a half, wort has been underway on the problem of the interaction of an HF 
radio wave with the rough sea. Two main phenomena were of concert in ,hc study: 1 1 attenuation 
«u tiered by a ground wave propagating across the ocean under varying sea state conditions; and 2 Mho 
waiter tor clutter) letmned to th* receiver 'rom the ocean and its relationship to sea state Both phenom- 
ena could conceivably be limiting factors in raoar performance, and a knowledge of f heir magnitude ts of 
importance in the dragn and development of such a system. 

<UI On the question of increased attenuation versus tea state, no measurements made before the MAY 
BELL Program were complete enough to either confirm or deny any dependence on sea state. No was 
any theoretical prediction available as to the expected magnitude of such an efTect. With regard to clutter 
or sea scatter, measurements have been available for nearly 15 years which )u.ve satisfactorily explained 
the nature and mechanism of the interaction. From observed Doppler shifts it was surmised that ocean 
waves scatter according to the Bragg mechanism.in the same manner as a simple diffraction grating. 
Measurements of the magnitudr of the sea scatter echo and n ; relationship to sea state at HF have been 
considerably less complete; only recently have more thorough meisuremenls along these lines been under- 
taken by Crombie of ESSA. Headrick and others at NRL, and Bamum of Stanford, as well at the work c.i 
data reduction presently underway at Rayihcon. These efforts, all reported under the MAY BELL 
Program, should provide valuable data on observed se' clutter strength. As to the theory, it was only m 
rrcent yean that Weliel and Banick related the strength of the received signal spectrum directly -o the 
ocean waveheight spectrum evaluated at the Bragg spatial wavenuinben. This enables a quantitative 
connection between echo strength and sea state which should complement the measured data. 
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II SUMMARY OF ATTENUATION fREDlCTIONS <U) 

till The pvuNctn ol attenuation of a wrficr w«ve propagation above a rough tea ha* been all lacked in 
,hc following nunner. FM. an effective mrface in.ped.net b derived which KC«inl. for the rourfine- 
* well as I he finilr conductivity of tea w.ler. Then ihi. effective mrfecc impedwee b used in an FSSA . 
ompelet prop."' <» predict ,hc *■*“ to “ helween two point, oeef Ihe sea «wi »ca .tale. 

, 11 , The calculation of Ihe effective wrf.ee imped»nce of Ihe re. at UK " facilitated heame I , the 
ncv.n w avcheight b un.ll compared to w«elen|Ul. 3. the wrf.ee dope. are small. and J. Ihe w. w.te. » 
•uphl. conducting .1 HF. Consexiucntly. the boundary perturbation approach »l Rke was u«d .loop w.th 
rtv le.mlo.Kh hm.nd.ry condition for the nirf.ee. The rendu thow that Ihe effective impedance 
<Ketn.nl.np for roughness! eon.nl. of two ierms. one which b merely the impedance cf tea water .lone 
and Ihe other whieh contain. Ihe effect of roughness. The biter involve, an inlepral over Ihe ocean wave- 
hebhi epeclnim. In evalc.tinp the latter numericdly. Ihe Phillip, wind-wave spcctroi# for Ihe ocean ror- 
face wn selected » a “typical" mode. The presence of well b neglected in thb model, a. wdl a. any 
actual directionality. One thus obtain, .emit, for the effective impedance which are functions of wind 
Ipcttl. 

,U) When these effective impedances are employed in the ESSA pnM.ndw.ve program. number, for 
tabe tranvmbuon loss are obtained. To diow dearly the effect of sea date, loss difference fin decbehl 
between a perfectly smooth sea and various conditions of roughness were plotted. Figure I show, mch 
an example for 10 MHi. vereus range and wind speed. The conductivity of ocean water was taken as 
4 rnhorm and a 4/J earth refnetivity factor was used in the program. Transmitter and recenter are assumed 
located on the surface in Figure I . In Figure 2. the actual bmic tiansmisaion losses dither than the 
diffeTence.1 am shown from a surface-based source to an elevated receiver. The fiisf number is the k» 
for a perfectly smooth sea and the second b fo- sea stale 5 (Le.. 25-knot wind). 

(Ill The remits show that sea state effects become more pronounced at greater range. For example. 

„ 10 Mila and 100 nmi range, the signal variation due to sea slate b of the order of 8 d» for one-way 
propagation. 


•A report showing the details and results of thb work b avaiUMe aa “Theory of Ground Wave 
Propagation aero* a Rough Sea at Dek.mctcr Wavelength." by D. E. Patrick, handle Memonal Institute. 

January 1970. 
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Ul SUMMARY OF CLUTTER CALCULATIONS (U> 

llll The analysis of totter from the tou*h ocean wrfact it approached with the time technique n 
used for the attenuation calculations. nimely. the Rice perturbation tntlym tloit» with the Leontonch 
boundary condition.* The results of this study thow that the ir.atmental received power iprctral denuty 
and absolute power tottered from the patch of sea. da. can be etprettsd u. the uuial radar rente equation 
form as 


(w>« 


c, G . x 1 

(4»)* R} R, 1 


F, 1 f'i ofwldt , 


JP R 


4P T C 1 G n ji F. 1 F'» a* dr 
(4e>«R T , R i 


Trarwnitted power it F t . antenna (tint are C T . G, . dit'ancet from tranimitler to the patch dt and from 
the patch dv to recover are R T . R, . and warden*!, it X. The ntu ntitiet F T and F - , are Utc Norton 
attenuation functiona from tarpet patch to the trantmitter and receiver, retpectively. tThey approach 
unity for shoe. rentes.) They can be etptetted in term of the batic trantmmion km, 1^ (in dB). for 
CRjmpk-. as 

F V .?*..IO 

<Ut The sea scatter cross section o* .nd reUted tpectrai dentity for vertical polariiation obtained from 
the analysis arc 

*<w>« Wkj (l-co**> J WJk # fco»^- , 


o* ■ wk* (l -cos*)* WIk 0 <cos*-l),k # sm*| 

where k # * 2 w/X. f # » w # /2» is the carrier frequency,* it the bisutic tng*c fro® the foewaru tcatter 
direction. W(p, q, w) is the spatial-temporal wsveheight spectrum for the tea and W (p, q) a the spatial 
wave height spectrum only. The normalization oc tween power and powerspeetral density » 


o® * Vi f #<w> «iw . 

(U) As seen in the above equations for o <w> and 0 * , the spatial wavenumbers appearing in the wave* 
height spectra for p and q are precisely those required for Brio *atter. This confirms the interpretation 
deduced from measurements. 


•A report pvrn, derivations of rea acaller and » ■" P*P»q 1 » 0 ^ •**!*•* *?£? " 

are ai^found in a paper The Inlereclion of HF/VHF IUd» WVcswUhth. S«&»fu« 
lions", by D.E. Barrick, presented at ACARD “Eleetromajnetaca of the Sea Meotme. June 1970. 
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(U) Figure I. Ackkd Tr*n«nb»io» Lot*D»« loS»i SU(« •! lOMHl. 
Isotropic Occan-Waee Sprctnwn. |U> 


Antennas aie Located Just Above Surface, ftiiltip* 
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<U» Figure i. Received Chiller Signal Spectrum at 5 MH t for Betatic Radar with lOtWim Baseline. 

Effective Pul* Length 1 2,5 ps. and for Time Delay One Pube Length Behind Direct 
Puke. Phillips Isotropic, Fully Aroused Ocean* Wave Spectrum is Assumed (Solid Line). 
Dashed Line Represents Lfcely Measurements from Nonbotropic Sea. (U) 



<U) Figure 4. Received Clutter Signal Spectrum at 10 MHi for Bbtatfc Radar with 100 km Basetine. 

Effective Pul* Length 1 2.5 pa, and for Time Delay One Pul* Length Behind Direct 
Pube. Phillips Isotropic. Fully Aroused Ocean -V/tre Spectrum b Assumed (Solid line). 
Dashed Line Represents Likely Measurements for Non bo tropic Sea. (U) 
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,«» to «.«»« m - -p« * - *«*• phii,i n t't v ?~zziz 

»apw employed^ obtained in thiam.-nner foe birtalicicatler.ta-. 

JZ" £ b~«e the «. in peeo.t« - «•«-« hotiopie nor Mly d^elopcd. » un^.rd » .hr model. 

rt „ ^ ^mip. isotropic ..nd-.xr model b .pin u«d .0 «!*«• «*. duller «**"<" for . «•*.: 
sLa^la, Z.h— The antenna* are i|uartcr*waee vertical mono- 

■win. located •rvee »r» water, aeparated by 100 km. The sttnal permit* in effective l,,n * °* r,n * t * 

0 r | ’ r |ucc. The elliptical ran*.- cell -leered conespomh .0 one pulse lenp.h after «er.p. o. 

„ The frraurncs f - u^lU is the cutoff on .hr oo.rr ode, of the clutter prdeat.lv te-.O.-H 
r:t:. HtZc^V -nTteiah. observed for the w depmo. — the process — 
the k**h the resolution. th»* thrrttr t be eat*. 

,U» The interpretation of the* bis.a.ic clutter spec*. H .pin in conformance with the Bract scatter 

r« M" •«»*• W 

to an impulse function centered on f m . the backscalter Doppler. 

, . . ~ji « -bout 23 dB below the diact signal. Again, 

Tht total clutter power receded in this range cell « a , 

observed clutter aipala are likely .0 be lower becau- the ana » m*>y Mf 

lh « radar frequencies. Thcrefum. a difference beP een cm.ter and direct of JO dB would be 
expected to be typical. 
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bom EX SEa scatter observations (tl 


D. D. Crombte 


Institute for Telecommunication Science! 
FCCA Unrarcti I jbi Bouktef . Colonrfo H0302 


I INTRODUCTION 

a„ Obscurations were made during the BOMEX project of the coherent backsca.ter of HF troo.vt 
WJ , rt from lhe along (he east coast of Barbados Island. The data were taken ustng a multtfrequency 
^ n , „F r-r system operating in the range of I .Ho 1 2.J7 MH, Soccc».»e pulse pans were tranw 

2- h — w. -^--5 r rr 

at four ranges (22.5 • IOC km). passed through an A/D converter, and recorded dtg.ta.ly ( 
incremental tape recorder. 

,u> Short vertical broadband monopoles were used for transmission and reception. Two of the* were 
spaced 100 ft. apart and swt.ched alternately to the recetver between each pair of trammtt.er pulses on 
the same frequency Thus. 64 separate sets of data were recorded. 

<U* The basic repetition rate of the transmitter was 60 puto/«cond and .he pulse length was 40 ps. 
Thus, each set of data (one antenna, one range and one frequency) .» -*M 3* «■">» per -corn.. 

,U, The radiated power and recetver/.n.enna sensitivity were de.em.tned using a fiekl st-ength meter 
and . small £. rt.Lt.er located seven, hundmd fee. from the antenna, Ca.lbm.ion, were mad . ,« 
Lh openttngLquency. Radiated powers ranged from 26 watts at 1.7 MHr to about kW at the higher 

frequencies. 

tu, The tranami.ting and receiving antennas —ere situated about ,50 ft. from the edge of a cl, ff-hsch 
waa about JO ft. above, and 200 ft. away from the water's edge. 
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II data AN ALYSIS I U; 

,U. fhrr„en,nu., -mp*0 of data — taken a*. -b*.«d >0 '«> .. 

^ a. Boulder. The pn*ram - written ,» idea.*, the *•«* fT* 

tv - 3.10 jnd :0 dB kreh a, well ai the fmiJenciei of the »|wtr pee i- "’ n , |iC 

^nel keel el each peak could he obu.ned. Known, the reefer mnolivity and the rad.. po . 
^attennp com aectron. o. of the m. could he calculated front the folk,*.n« formuU. 

...» 

? >5 x 10* t 


whetr 


j m distance of the scattcrcr in km. 

E f - received field slrenfth in pY/m. and 

P ■ radiated power in kW 


,m Th, definition of o. which , partku^ appropnat. to 

hernbphere above the «a contributing a factor of 2. The effect* of (round wave attenuation at* not 
included in this formula. 


111 


OBSERVED SCATTERING CROS* SECTIONS |U| 


, U , some of the value, of <r ot»e««d at a ranp of 22.5 km. when, fround wave attenuation can he 

‘ ate thown .nF*ur.l. The r*hfhand k* .how, the value of relative kattenn, cn» •«'»« 

o* fi.e..'ctom metion per unit illuninated *^*'^1^* have 

votB^^ri^wnmea^overthewhok .« «c.or dtorntnated 

hy the transmitter. 


IV STECTRAL DENSITY OF TOE SEA SURFACED 


,m Known, the mat.enn, corn aeclion and the bandwidth of th, acatteted *«* it b pc-jbk to 
detennine the nooditecumml apectml demity. SfO. of .he VC* «* «■» **«'«•““ ° bOTCd - 
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tUI 

TV required rrUlionihip n 

an- • *-— — __ 

*' d d «>y 2» 

o is the vattenns enn, v-c.ton ... m* a. . ara wavelength L mc.cn or a *«** fr«qu«nO. of F hertz, 
j „ ,I H . range lm>, d 0 the radial length (m» of .he Uluminz.nl atea. and ( ii the acceleration of partly. 

«1>I Some cumplct of nonjitect tonal frequency spectra ob.zincd in ihn way are shown in Figure 2. 
Ihc hmer curse .how, an ohv-rved spectrum foe compamon w.th Mm*ow../'. 20-k. synoptic apeclrum. 
Ok- nest cone shows the rev.ll, for a wind believed to be lighter lhan for .he lower curve. The two 
upper curse, .how spcclra ohl.ined a. Ihc uoc time as .he NASA wavc-mcasuring aireraf. -a. Ilyin, owr 
.he area. in .he downw.nd does. .on I where .he radar data wen. ob.a.ned Sign.ncan. wave heghtsde- 
need from .be NASA data are ako shown for compamon with I hose denved from the .pec.ra shown. 

The agreement h ,ood and although .be wave heitf I, are vnall. the compamon How, that wave hctf.tr 
and spectra can be obtained from hackvatler data. However, to be uwful under router conditions Ihe 
mdjr wavck'nplhi need to be increased. 


V BANDWIDTH Of THE BAdCSCATTFRED SIGNALS |U) 

,UI Some repmentative handwidlh, of backvalleted signal, am shown in Figure 3. The plolted value, 
an.- .he handwidlh 10 dB below the spectral oeak. Plot, of the .pecira .how a strong tendency low.nl, a 

r-. i-.n shape rather than the «n */« form eapsoted from simple theory. Tl.e point, in Figure 3 diow 

■hat .he floppier bandwidth inetease, with frequency but that the rate of increase depend, on tea rtate. 
The point, for 1 1 July r.prev-nt relatively rough condition,, while thov for the 14 and 16 July repment 
rather quieter ffu. 


VI SHIP SCATTERING CROSS SECTION (U> 

( During the BOMKX obv-rvatioiu tone data wa» obtained about the cron section of Ihe USOGS 

^ ’ 4..P Ml Mitchell. The nvked c-.lima.ed cross wc.ion wa, - 400 m> u,.ng .he defin.lion of o given m 
equation I. The frequency uv-d wa, 2.9 MHz. Otacrvalion. at other frequencies were unsucceoful be- 
cause of the h.gh noivr and interference level, ptrvmt during the nightlimc obvrvaliona. 
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WAVE SPECTRA 


July M # *' 




(U) Figure 2. Wave Specm Deduced from Cro»*cctio«* |U» 
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(U) Figure 3. Observed Bindwidth* of Buclucatlered Signals (U) 
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<U> TV- Ml. Mitchell ho an owr.ll knit*, of 231 feel, beam of 42 feel and • dnpUwm.nl of 1627 
ton*. The funnel lop a appcoumalely 40 feel aboee the »alei line. Ihe *np of the lalka* matt u 70 feel 
ahuee Ihe water Ir e. The masli are ippro.inut.ty 100 feel apart. 


f [)) When Ihe croo aeelhm n incrowd by a facloi of 3 to hrin* .1 in accordance uith cun.enl.orul 

tree epaev definition. of o Ihe .aloe become* 1 200 m } . Theorcl.cal t.linuic* of Ihe cro» aeclum of a 
dipole 140 feel long in fr.e *«*i«. al 2.1 MIU give. - 1000 m 1 . The agreement appear* good, but the 
theoretical .-.Knulc a tlmnf ly dependent on Ihe effacin', knglh of Ihe mart. 




• The intrinsic bandwidth of the hack scattered signal* is very small hot increase* with 
frequency and sea *late. 

• It appears that tlierv b reasonable agreement between theoretical estimate* of ship 
cron sections based on mast height, and a measurement (see Section VI). 


VII CONCLUSIONS <U) 

Tl»e main conclusions from this work uwig a monestalic hack scat ter radar are Ihe following. 

• The average scattering cross section of th sea can hi estimated if the norvdirecironal 
spectrum of the sea b known. 
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I OUECTIVE (U) 


(U , The primary intern! of MAY BELL ground were rign.l amnbtude experiment. wa. to 
path lo* on scvenil frequencies to co.-rd.te the otnti fluctuation. with " »*> •» *“ the 

of the touch ocean «c. tiering model developed ty D. Barrack of BMI. 


0 ATfUOACH (U) 

tut So, face wave rign»l level, were me*u«d on a propagation path between the tn.mitt'' Ulc on 

Carter Cay in the Britan,-, and the giving rite at Cape Kennedy. The* were ™ 

Carter. radiating about I kW over monopole antenna* During the tot three month, of 1970 opemOc. 
was on four frequencies, neat 5. 10. 1 5. and 20 MHz. 

tut Signal, were received on the ITT 16-element array on all frequence during the entire orognm 
ami with reference monopole antenna, on 5. 10 and 1 5 MHr over a ahorier period All tmnomtan, 
and receiving antenna, were in do* proximity to the thoreline to that the propagation patt wm w 
etantially over an open .tretch of ocean for a dotance of 300 km between path tcrmmalr. However 
approximately 80 km of thb di.tance lay inride a riioal line defining a region of low water with depth, 
ranging from I to 5 fathoms. 

(U) The index for *a .late u*d in making comparriorv wa* taken to be hindtar. wrre height Use 
Figure Ik The reference unooth *. datum ... Norton*, prediction for ocean water with conductivity 
of 5 mhoa/m. In Uu. anal y us computed rignri leveh were derived from Norton’, fonnutarioo for. 
radiating elementary monopole. Eitun.te. for the nailable power from a recedin g monop ole were then 
computed from the free .pace aperture, uring the free apace grin of 2 dB for the m.wopole. 


• ’ t 
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UI RESULTS (Ul 


(U) r>lh loa data on S MHl with monopole reception (wee Figure 2) wa »*»iUbk few 13 d«y» i 
Mack. Signal lew! fluctuation* ova * *»“•* of 5 dB were measured. The lowest nlue of eipul ki 
okoned around the 9th of Mach where hindcat dale ihowed a maximum ware height of 13 feet. 


<U) On 10 MHl. Ion daU from the monopole ays tern (act Figure 3 ) ihowed little convincing 
dartoda, conetotion with hindcat data with the exception of the period 10 Mock - IS (Mtal 
trough sea were reported. Dunn, tlm time, the sigrul lev* dropped by approximately 10 dB 
ketow the climate for a amooth aea. The overell apread in power meaurementx. 0 dB to 1 0 dB below 
refervm e. agree doaely with the Barick predictions for a distribution of sea state rangtng from 0 to S. 


,U) There were 1 1 days when the 1 5-MKi rignal was received on the BSA. The BSA was csl.brated 
- r -. |he I S-MHi monopole and BSA nwourement. woe adju»ted according y. Although the daU 
koe we moc restricted, the I S-MHz data displayed trends similar to the 10-MHx daU; little or no 
correlation with hindcat except for the Mach 10 • Mach 15 period, end . data «P~d 
2 dB above to 10 dB below the smooth aea climate. This compare to Borick's ctimatt of about ♦! 

to *14 dB for sea states f to S. 


<U> The daU base for ?0MHz (sc Figure 4> wad days. Data wa collected on the BSA but a 
reference monopole wa not available for calibration. Consequently, the BSA pin wa assumed to in- 
clude the full 12-dB theoretical array factor. On this bat*, the values of received power display a mnp 
to IS dB below the smooth sea estimate. There w« insufficient data to reach for low rignal due m 
the March 10 -March IS period. 


(U) A comparison wa made of hindcat d.U (tee Figure I ) with wind speeds recorded ova the sane 
period at CBI and Cape Kennedy. Only a fair correlation wa noted. In the hindcat data, the oceuiencc 
of northerly wind, appeared to coincide with the highet due of wave height. This would imply ocean 
woe travelling in a direction more or less transvase to the propaphon path, .hem the effect on peth 
loa is mMmtl and consequently would be expected to produce e decorreleting effect between sea Mate 
and signal level on a point-to-point basis. 

(U) Skywave contamination proved to be a serious problem on all frequences. On analysis, a sub- 
stintial portion (about 40 per cent) of the data wa rejected on the bais of sapected biasing by skywoe 
^ r .i. The elimination wa accomplished primarily by examining the paka of the sipul apectnl 
density for stability over a relatively long period. 
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«U) '< t. concluded tot .he -*o«d HI* d.ytodw eono.e'nmndU.totoe.d.u 

to to to eecepl to one hi* to bale period in Mtoh. Tre.t.d » . wM*. *«*«"*• 
did e»h.bit .n unquel boned fluency beheriou, htoUntUDy In cctomily -«h to «f««tod vff 
Actions for the set sutes encountered. v *' 1 ’* * ,r * r 
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VA A quarter-* axe po.e I.Ka.eJ « «* <1*-^ Bay has been the ' ----- “«■ 

jr.lv-mu ^althration The «a.e, conduct, x.ty ha. Non M«d *» «*•> "*« ^ 1 f ’ 3,h l °" J ' U 
non nude alter the program of L Berry 1,1 ^ SSA 

,.\~ I .pure I %ho»»» MAY BFU huoy that »» fitted with a modulated 1 10-Ha) antenna by l PL-ITT 
\ .cure : ,x an example of the eharaetemhex of ,h» type W t. The left column eon.amx from top to 
K.„on, the echo amphtude of one x, dehand .etxux ttme. the Doppletx ,« Mr and 0.5 Ha. .etxux „mx. 
jm , the amplitudex eerxot frequency A one-half Ha o.fxe. from aeto ..x uxed to oht.tn the aboxe the 
on the npht a om.la. xrl of ptetutex tin differed. order, are xho.n hut noth a true aero Ire-queney 
,ed«. ...... N ..I tee that the .»» xtdehandx do Interfere both eonx.ruet.xely and dex.rue.tvely depend.np 

itp«Mi the lime 

antenna target. The target 
determined for one sideband *js 


\ ^ I , fl „e J eh o a x the radar return from the final verxu.n of the huoy a 
l appearx a. ' 5 and H 5 Hr. the lexel referenee at 10.5 Ha. The radat area de 


rr»j^ 

I** dH nr ■ The relation used was 


P ( t4f >' r. 4 i; 

P. C*t s X ? 


*tiere L o the gnnind-sbjse l»>ss tawt«»r per l.. Berry of I SS,\. 

,u. I mute 4 ptvex normal, red x.pnal levelx made ux.np the above tecbmquex on HMS Atelhuxa. a 
« (1 ,.eh ...rate The dillerenee het.een the curve def.ned hy .hexe pom.x and the plotted loxx eurxe p..ex 
•he radar area I he droop m the x.pnal le.elx a. Ihe longer range, due to xh.eldmg hy ( me Po,nt txxex n 
m I igure ' 

,1 . I .pure r. ,x a pu ture ... .he fSS I tax. and I .pure 7 pex the radar area de.erm,nu.,»n. 

„ , I .pure N .X a puiure ... the f ’SS I urer. and I .pure «» ptvex Ihe radar area determ.naln.n. 




tV , Figure t. Buoy uiih Target Antenna (U* 
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I INTRODUCTION tUl 

(I i |n l*H»H the writer suggested at a Defense Science Board (DSBi meet inf that the highly periodic 
structure of a ship** wake might have a larfe resonant scattering cross-section. It was also suited that 
ai vo.m- aspect*. at least the Doppler shift of signals resonantly scattered from the wake would he differ- 
ent from that of the signals resonantly sc tiered Irom the sea. As a result Dr II Kurss has investigated 
how the Doppler shill Ironi a wake depends on the ships velocity, on lh: direction of incidence, and Imw 
its value at resonance compares with the Doppler shift of the sea clutter. He has also investigated how the 
mattering cross section depends on the same factors. This note will summarize his results. 

Jl DOPPLER SHIFT <U» 

The Doppler shilt of the signal has ^scattered f“>m the sea is given by 
Uf r t s * • t?' .V*/4tMp'v|eo»t® *0 C I p) 

while the I hippier shift of the signal scattered from the wake at resonance is given hy 
(Af f > w * (.V J /4»J (g/v)(cos 0/|co* (0 -0 t l j I 


Thus the ratio is given hy 


IAt r ) w M^t r » s * • acos0 |cos<0: 0 v .l| 1 


where a • / 4 /2^ * 0.<>JOt>. 6 is the angle between the direction of the transmitter, as seen from the ship, 
and the direction of the ships motion, and v is the ship velocity while g is the acceleration of gravity. 

The angle 0 C . is the inclination of the cusp lines of the wake to the direction of travel, and has a value 
d - 14“ 2H. 


c> o 


U;« V kv'Uli lk» 
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(?w ~'’~~zz£££rs£Z£s^ 


hi 


sr/mtKiNt; cross simoN an 


(0).X I*. •v»r~h 4 va.v..devcU. l vd torn c < •>« '***£*'* 

V Cu whuh cvvu.nc' ■'■•*• t'" »■>'.•> o. the >»'f * ,IMf •‘■V-Sr " 

vnovtlK Vr N 4 , MI)l 


»»l the* Ac \n W'* 


«hcrc ilu const * -M 1. jnJ 


kk« ».W 5 n' 


=^r;=.“=r=.-="- 

I sin (0 * 

^.* 0,1 

e . .... The variation of ft* i with 0 ,v shown In Figure 2. It h «■*»« 

•here , 8 hut otherwise show, no rapid dependence on « 

thjt the cn*s vectior. i* nro wmn t 

rtf „Kiinj ncr with cuspidal components of Ihtf 

t o) '* J ' t,,Krt> "I ;:X's : Sr:. 0 Mn,. .he -*e wavelength ,X W , » -’ 5 m. II the 

V wave, along the il.rc-.ion o. the sh P s "'*«*' „ ^ lhc rf.jp. K.k • I JT « the 

wahe amp.,. -vie ivO.'.n, , .MOO of the N“»700. From Figure I. f.*t>0 74. 

ted length of the wake Is .Okn, N - >0.000 » - »» f 

,h„v the scattering cross section for one component of the *»* 

C. -« z'jzzz zzszz- - 

K-hinJ the* submarine. Thus. 

K/k« I JU5<5> ,/, ». 27-1.1. 

The other parameters hem* the same, the cross section of one arm of the wak, .s-^MOOm 
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IV NOUS ON DETECTION OF StBSURINE AND SHIF WAKES (Ul 

1 .not inJuate that the radar srovs vsl.on "< * •*« ‘» n •» ' tr > ,U * ' ' ’ 

it rr^wurKC. 

rjyrf the frequency of the .~la, depends quite critically . - I : . the shqA velocity end hcaduig. 

V. ^Ihu% the radar must step with ur> small vhanfes. in frequency. 

, 0) ^ .he .hippie, vh - >1, tiers ^totlf ft- the l**r*ft - * « J 

C ' Cde range ot azimuth angles. HowcsC. «»« J»<e,enees >" -* lhj ’ ,rW,U """ "* V" 

so ere re., ..red, Ita nnpl.es ohscr at.on tunes of . fe« minutes. The use o. a htslattc radar .. .ho 

omlTa-indicated. 

( V, W Submarines pnsduee surface .Acs wgnifie... amende the, .re sh.ttow enough and f.st 

V o-ph. C urn-nt calculations sugges, the, the -.Wes m*ht be detested tor depths of up to .00 ft .nd 
pcater than :0 Us (lower speeds require smaller depths. 

mU A. »«eh speed, radar fr.duene.es ,, to- 1 MHr .re required. A, these fre.juens.es the oht.in. 

{ > ^ „ Jjt rjn.e ,s quite large eompared with those obtainable .1 higher frecuens.es because of the sma.i 

pound w j%e attenuation. 

, Ol i*" Provided the -ake Doppler e.n be separated from the clutter Doppler. . radar fo, defecting -.Wes 
C be notse .united, 'bus the minimum wake amphtudr which i, otncrvabU will depend on.y on 
ambient noise levels and transmitter power. 

/ 0 \ yiT I stsualire that . radar for detection of wake, would consist of . fulvd monos, a lies, stem with 
(s ' »n0* illumination. Pulse rate, should be as high a. posuble consistent with avoidance of skywave clutter. 
I *h puts., will he transmitted a. a different tby « Ml frequency from .he t-revtcu, one. Th.- complete 
• frequency van wdl he completed within half the prnod of the Doppler shift, especled. Successive 
sicnals at the same frequency will he added coherently. 

M lc. Mpial, from one o, both • W of the wake .re detected Iheir heann, e.n be detenn.ned 
h, vanocs methods. It is presumed that the reserved signal, -ill be processed as indicted above .» 
several ranp ptev 
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» INTRODUCTION lUl 

Ort Oiu \av>\ rtoblem •" U«m of fleet ... detente |FAI»I •' *■> '« 

fleet limn mm. operate in . hot.il. env.ronment under comtant tur».ill»n« by M-hn ■ubmnnnn. 
"neutral" chipping im«b. «M lyi-et of landhavd tenton. .rd POtmUy uidl.lcv each 

mate.., .... „f cencn, tcchni.|uet a.a.lahle ns a mtul. of a .andly advancing tm.hn.dof, In order to 
..noindy , 0.1. flee. unit, need in.pto.cd turtcllance data providing detection. ule«..flc. .on. 
jn .l urnnm o. track of a tl.rc.ll while cufficen. ..me rerna.n, fo. defence rcl.oP. Th.. tunc.ll.ncc 
capahil... ..cede to be ...itjble under ell weather co.idmonc, cffectfe under I MTON opcral.ng 
c nd..M.nc. highly tel, .hie. .nd cp.Me of pr.n.d.n, data of uifncen. ac. uracy .nd l.mcl.r.ct. .. to be 
ucc-ful ro cli.pho.rd defence tyttemt. In addmon. .he tunollance tytlcm mm. no. ohvu.e .» 
approprutv ollirmitc dcfrnwe balanvtf within fleet unitv 


II DOCUMENTED REQU I RLMENTS lUl 

( n\ erT officially, me N..V-. rei.uiremen.. for flee. ..r defence .re covered by Gener»l Opera..on.l 

^ ) Re.,...rem,n. ...OR. 1 7 ...led “Surface Ant. An Warfare" »h.eh eccn.ially cay. Ih.l .11 th, r . mut. be 

aNr to defend .hemcel.e. .yam,, the, .-range ttmsdrv .nd large fx.k.1 un.lt mut. be .We to counter 
threat, from all unmet including .pace .eh.dev Advanced Developmen. Obtev.tvr I ADO. POX. 
~Sh.pS.ard Surface Wave Radar" deal, more .pee. Golly with the ptohahle threal .nd potoble teMu.ro 
men., tin ch.pSca.d cu.face-w.ve radar at a meant of ove.-the-hon/on lOTIII detection of the threal. 

Ill NATURE OF THE TlIRt AT IUI 

( o) I tie threat a. defined by ADO P MX. tummati/cd in I igu.et I and J. it a Ion flying 

V ' |40 It altitude, target capable of at lea.l lODnm. range and hav.ng a tada. rou »el.on .RfS.of one 
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IV THE REAL Nttl> «U» 

w - — — ' 

' ,h.itjvtvriAiu% j«J pirtfotnuifc* 

• All.e-ithel otvrjtinf capability. 

. I MrtlSutt* 

. n . IfXVnmi udii‘N lion* flci ’* um,, ‘ 

. UffMK- <«**** UPProMnwtcl) i 30Onnu 

. Mobility IO «*« of ' nu ' rU 

. Compjtibiliiy with OiipydetcnMyc and offence «..!««“ > 

♦ iii^h reliability- 

. Ability to detect. f >" d ,wk ,Rrs = *■ 

|o» fly in; 111 = 10 III UtfCty- 

. vimutiui J..ur»-y of ■ 5 ''" r tv ' UI '■‘ s '*** ,,om 

. R jnf.* * - 5 00,10. better 

„ f . < ino'ls o» belle. l.cUf'c to fleet .mill. 




ADO I7 23X: SHIPBOARD SURFACE WAVE RADAR 


BRIEF 

• -I. accocnpIKh lh» -ork .. p.«« <•* ">*'”> 

feasibility. and financial acceptability ol a Shipboard Surface Ware Radar. 


ULTIMATE OBJECTIVES 

.. -To provide early detection of low-flying air targe t» at a range of 
100 miles or more.** 

b. ~To provide azimuth angle and time that the threatening aw target wiU 
enter the normal defensive radar eme^pe.” 

c . “When the objective is achieved, a decision "hetheror not to continue 
into Engineering Development will be made by CNO 



Figure I. 


ADO IT-2JX. Brief and Objectives till 



ADO 17-21X: SHIPBOARD SURFACE WAVE RADAR 


AMPLIFYING DATA summary 

I 

a. Performance Dnind 

• Dr'fClton of tow-flying l-m ! l»|rt ** 100-nmi range 

• Range resolution of * I nmi 

• Azimuth accuracy of i 5° 

• Velocity resolution of - 10 knots 

• Five frequency bands within HF band 

• Rapid shifting between frequency bands 

b. Constraints 

• lightweight and compact 

• Suitable for installation in a DO or larger ship 

• Compatible with current shipboard powet limitations 

• No harmful interference to HF communications systems 

• No physical harm to personnel in exposed locations 


> 










V fOSSIBUOTHSOUHIONS an 


S> / u a Sjsy \ latpe ana MinettlatKC problem unhides Al » 

\ ii>l »♦! possible solutions to • <* > , . fJ j gnJ 1- ' 

hclnoplet *«<« •*>« “«■ has He ad.aniaree and 

izzzz ">.•«.■•>» »*"* ,,w "" ,,,,,n '“7 ,,om 

r-^ 

sc, .tame tn.ee ssnere ^ weather. and ace, .race P-.«c- > * 4. 

~ 

M. -.^u'k eutlace-wase ,jJj,v J \ „ 7 »„„|j be limited by prn.ti.al consider- 

— * - 

space, and thickness sanaMhl.es of evaporatne ducts. 

I hs hnJ SS Stem in which one or mote optimally designed mobile 

ISI One other possible solution is „ h> b ... miYedlnncc I s JOOnmi radarsl 

skewaee radars cash operate momistatically to ptmtde b fs- e vom „,un,cation 

— /-rrm 

ri^^-toca, - 

•• 

on strat. pc piwilioninf V ^ m |(jm ^.hin, ,0 be desired, it would appear 

, “Celtics listed unde, Section .V with a hi* probabihty of soMn, the 

lot jt ptoMi'in. 

VI CONCLUSIONS (U) 

that steps be taken toward tmplcm-nlalion of such a system. 
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Figure 5. 


Determination of SSWR Optimum Frequetmy for Minimum 

Requirement (eonaunl antenna apmem* «lth «n.H Urpt in Ray^ 

region below 30 MHil 
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Fifun 7. EMtmafrd Ounrtrmlics of Shipboard Surface Radar S>>tnm |l» | 
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Figure H. 
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PROPOSED METHOD OF OTH THREAT DETECTION 


1. Diet remotely located OTH skywave rad.r to detect and locate a threat and possibly 
lo communicate this “early warn inf “ to the ship or task force under attach 

2. Equip one or more ship* in a task force with a bis ta lie surface wave radar capability 
such that they can make use of the illumination of the threat by the tkyease radar. 

3. Equip one or more ships in a task force with a monostatic surface wave radar 
capability to provide improved data on OTH larjets which have been identified 
as threats. 


a 



\sfV»fure II. 


Hybrid System for OTH Surveillance (III 



mn AIR DEFENSE REQUIREMENTS 
FOR EARLY WARNING tUi 


Richard J Hunt 


% 

The John* University 

Ap) tiff'd Physics Laboratory 
M2 1 Georgia Avenue 
Silver Spring. Maryland 20910 


cV 


i INTRODUCTION lUl 

y , This pjpcf discusses gross requirements for detection and alerting of 4 Naval Task l one against 
the primary anti ship cruise missile threat. A system which adequately meet , this threat will almost 
eerta.nl> satisfy requirements of lesser threats. An example of a coordinated mmile attack which might 
he expected agamst a Task l orce in the open ocean is discussed to highlighyhe salient features of the 
various type* of weapons available to the enemy. To provide adequate AAW defense against such an 
attack, the AAW tone commander requires warning of an impending attack with enough time so that 
he may use his defensive AAW weapons in the best way. The actions that need to be taken to prepare 
the defense, together with factors affecting decisions, are outlined. Cross requirementsJor threat 
t\\ of n.t. on. time and hearing are given. Because of the need to communicate early warning information, 
a functional description of an intership communication system base* on NTDS tx provided (Figure 1 1. 

in 


The ensuing discussion follows exh of the chans in the presentation. 


II COORDINATED MISSILE ATTACK (FIGURE 2 1 (Hi 

in The Soviet Navy hav been powiny eonvidcrahly duriny the last 10 yean with the introduction 
of many new tyrev of vhipv. mivvilev and aircraft. The antevhip mivvilc threat hav now leached a level 
of quality, diversity, force vire and yeopaplucal deployment that evtablivhev it av a major convtraint m 
U r fleet opcrationv The threat, alth'juyh devHopin(t in detail, to ectahliehed in rtnetjd pattern and 
cann.it he evpev ted to ehanpe radically any more than the U S could easily div-rfm Horn the allaek 
Cjmcr Tjsk Force concept. ‘ 

Itll A well coordmated m.vvUe attack in open seat mifhl be e»| ected av vhown tot Fiyure ’. 


toy 


round robin 



11)1 Figure I. NTDS Mode* of Net Opmtiou <Ut 
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lh.x group le .aumhin, 4? .o 55 nucules a. the USN force a peri.* of M 

Mu „. minutes About 40.0 45 n tec .... * xucx W .».l> «>-* «•*** *" J 

, hc I SN torce Approximate., :j « *•»'<* * •**“'*< '" kl "» m, " ,lcv n : ' r 

4,. 45 miscdex are eng,geable <"*<' *“** km ’ W WhKh ^ J 

U. Uw e are thus faced with M 5 •« II target, per minute .1 .he ...*k ts -ell «Mi »"« 
uegetc max he apptoaching the delenxe oxer about » I.V 4. I W angular secim. 

til </ li should he noted that roughly hull the missiles umc from submarines. meaning .he surged 
C..K-. ,-la.tounca.e essentially undetectable until 2 l» .» minutes hcf.we launch. 

/ 0 ) I lie enemy can he expected In -eh an attach Wh lugh te.et. of stand-" h*P» 

L In additum. air traffic density Will he t»i»h and c.n he expected ax a norm* P> < 

.nonmenl. Traffic denote ..II he variable depend, ng primarily on distance ....hole- 1»PA4 >• 

of 50-100 friendly an track, c..n he expected for or*ra..onx close ,n lo shore and .050 friendly 
tor open ixcjn utuationv 


lit FUNCTION OF EARLY WARNtNG (FIGURE 3) <Ul 

r ,\ .tf n,c primary purpose ,1 cariy warning ix to provide limely informa.n.n lo the AAW foree 
^ Commander co aa to ensure iha. .he act, on, necessary for preparing weapon ,yx.em, lo be,. ^ 

a,,a.h have been taken. The a. lions Iha. are taken will depend on .he information ...liable to .he com- 
mander and the level of confidence he has in the validity of the information. 

The most critical factor in a good defensive posture » bringing system manning level, to «}. 
VoLanderx are relnc.an. to take this action unless .ime.y and posi.tve threat ^ 

sided. Keen. Oee. exercises have demonstrated that detection of target, w, * £££ 

w iU hs-s is the single most limiting facto, in defensive capability .gams, simulated high density 

ex Tohx pass* the many normal sequential step, in the processing of targets. SAM and k.W system, 

0 > „ t hetng hu.lt today .some elementary systems have already been installed, with strolled 

•Threat Responsive Modes’ of operation. Bastcally. this system coneep. depends on adequate tree*. 

,* identification of the threat. Some thoughts on providing positive threat recognition are shown on the 
next chart. If the neet has chosen to use KMCON a, a deceptive measure and positive threat recognition 
can he ohtamed. doctnne should be established to remove radiation silence 

, , erf Some of the acton, which will enhance detection and targe, processing are to employ limited 
"a/muith search by the operators of radar consoles, to use fire control radars tn automatic sects* search and 
bring the tone PIM to a dime.. on whtch will unmask radars and launcher,. These actum, depend sm 
adequate knowledge of attack bearing. 
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„ MOV.OC INFORMATION WHICH WILL ASSIST THC AAW F 

IN BRINGING SHIPS EQUIPMENTS ft SYSTEMS TO SEAS IN THE BEST 

ACTION ITEMS 


POSITIVE THREAT RECOGNITION 
ft TIME AVAILABLE 

POSITIVE THREAT RECOGNITION 


ATTACK BEARING 


ATTACK BEARING a TIME AVAILABLE 


GO MANNING LEVELS 

0 

EMPLOY THREAT RESPONSIVE MOOES 
REMOVE EMCON STATUS 

CONCENTRATED AZIMUTH SEARCH 

USE OF FCR SECTOR SEARCH PATTERNS 

UNMASKING EOUIPMENT 

INTERCEPTOR * ASW AIRCRAFT DEPLOYMENT 
DISPOSITION OF SURFACE ELEMENTS 




Ftfuir 3- Function of Early Warning III! 


..u- u* o. 1 both 1 AC and nil. depend IK *»• ...... ... l-..nr .Her *'««-» <«• 

V.« aeamsf a known aUa-k K-a„n P Inle.se,. bus van C«a> - «* in 

pno, m.sw.c laumh. Jcs..oy,n P ,a „-, a *>» - «" ■* **"• 1 

hno.UJpcs.. A" attask bear..* .A" hs-lp .Hr lone .. .......... Jr. ... redeploy men. of o..Ur . rn.... » > 

„ » JV (>lK .4 JrfrnJ .hr h.rhsaluc latpc. Rede ymenl may hr par. arly app.»p,.an- .f vb.Cs has.- 

KvnJn.sn.-J ,n mtssjc traps or arc ASW ...noon, and .hr Ihrca. mforma....n vh-arty csUhl.shcs .Hr. 
Ill** JlUsi * U\UKCd lO till* UtfC\. 


IV TlIRtAr KI COGNITION tU* 

t°y SmvC .he kev rlrmrn. ... lak... P a. Lon . for a «.KKl delens.se podurc .Ir.-rnds on p.ni.or thrral 

Win*. anus,... - examine charade of ,hr fh,c.f A opr.au- ... .he system unde, consider. 

’ r,ns. .huh mas K- .o identification. The MM «*<« M »f •- ->•«■'« '"«««• 

.nJ.-p.mUn. of rad.a«io» sipnalu.cs. a.r .he Uoppto «C»»«‘»» ‘~™ " ,c ,Jun - h ‘“’ K,e MJ ’“rkrl 
profile o. the hvt The ai, launched missile* current today ah- discernible by a Dopple, of .boo. <■ kr. 
whKh p.objbl. mil nt-.< K- .n.A..e, ...an ..... .n .he lunuc. Subs «... surface pno. .o ..unch fo, a feu 

nurtures and a,e suh,cd .o dc.cc„on before mo*a are fired so ..opp.er from su. asvu 

a threjt indna.ion. Ob.a,n,n P sclocUy sec,.., ... w„hin W .ill P'< .He force commander an .nd..a.,on 
,q , hc or fadure of mhs.le .raps and d.cla.e .he need for sh.p redeployment. 

V CROSS REQUIREMENTS TO ALERT FORCE TO IMMINENT A fTACK (Figure 5. IU) 

Oftr Tune and K-ann P rcqu.rcmcn.s for .he several defensive sys.ems a**"""" * hi ^; 
C.rcnK-«,s , randan- Mo ranpe based on curren, missile speeds of abou, MI.O and poss.bly M..0 m .he 
future. The MM faster in ..me .s .he delay associated with hn.,pn f ships 10 (.0- Ten nnnu.es -n.pl.es 
a .anee from .he .ask force of .he orde, of l00-:00 nmi which corresponds roufhly to possible rn.ss.le 
bumh ranpe and is .hereto,.- compai.blc wi.h Ihe re. l uuemr:,.s fo, posit.ve ,lm-a, reeo P ni,,on. T.me 
requirements fo, poor sh, P dispost.um. hom-ver. are no. s.risfadory fo, .he force commander .r d.cr 
diveptwf deployment tacticv 




or, Bvann p tcquuemen.s for search radar, arc based on limiu-d experience in flee. exercises which 
show .hat operators do no. de.ee. .arps-.s from simul.aneous K-arinp sepa.a.ed more .ban W . Foe 
.onmd radar hearinp accuracies should be wi.hin the au.omalic sector ss-arch patterns of these radars 

which wry from 15° to 10®. 






O SOME CHARACTERISTICS OF THREAT 

- SEPARATION OF ATTACKING MISSILE FROM LAUNCH CRAFT 

AIRPLANE (DISCERNIBLE BV 50 KNQJ. DOPPLER RESOLUTION 
» WITH A 50 NM RANGE RESOLUTION. 

SURFACED SUBMARINE 
SURFACE VESSELS 

- TARGET PROFILE 

SPEED 

ALTITUDE 

VELOCITY VECTOR ( <10°) 

o CAPITALIZE ON ABOVE CRITERIA TO KEEP PROBABILITY OF FALSE 
ALARM LOW 






SAM GUN e EW^SYSTEMS 


ON- STATION 


— 5 . tO MIN WITH oOOO SHIP DISPOSITION 

.12 HR with poor ship disposition 

-1-5 MIN WITI GOOD SHIP DISPOSITION 

-I 2 MR WITH POOR SHIP DISPOSITION 


FOR SEARCH RADAR 


INTERCEPTOR SYSTEMS^ 


TIME CAP 


i REASONABLE FCR SECTOR SEARCH -15-20° 


—j MIN FROM 100 NM CAP STATION 


WITHIN A I RADAR sCAN 
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O IF HIGH CONFIDENCE OF THREAT DISCLOSURE. THEN USE 
NORMAL COMMUNICATIONS 

o IF ROUTINE DETECTIONS WITH NO POSITIVE THREAT INDICATIONS THEN 
- FOR FORCE NOT IN EMCON USE NORMAL COMMUNICATIONS 

. FOR FORCE IN EMCON NO IMTERSHIP COMMUNICATIONS BUT 
CONTROL SHIP SHOULD HAVE COMPUTER CAPACITY A 
APPROPRIATE ALGORITHMS FOP. COMPUTATION OF 
INFERENCE ON HOSTILITY 


'l Figure 6. Ft^blf CommunkiiMHi C««lrol *l'l 
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I INTRODUCTION <Ui 

i i ,Km ifv 1^70 1 L'l” prcv.'OtcJ Jl ll»t\ p 

£ — - ■ 

Inland Fehruao c, ,h„ ycae. Thmr - dear., .he of .he .,h„.. 

suTijce wave radar conccpl. 


L J V 


art , ,h.,den,onM,u..on o. feMWrtt. ARPA he, J'—eJ <"• ' * 

a.~.— 

„l j| iV i Iik ation or weapon* pmdaiKC. 

M ^ t,, o,e,a.. oh.ee „d> are .o ineeMifatc -he **-» e h> hod n,odc rad , 

V ^he r , uh.cn, n. flee. ... Jelemc. and «o dc.crm.no .he fu.u.e a. ne^v»> - ^ ^ 

«k',e.O|'inenl of an operalmna. «*» the flr.1 Mcp .n reach, nf .hex «• ' |o , h( . n> . f , 

nu.,»re po.en.ul .hrca.c »,.h .he eharx.enMk, .d .he Mf |jJj( , „ im 

•«de» .o ascertain .he performance eiKceu wliuh mu*, be me > ' 

•vefnemance P-Mc .o «ener,e meaWu, Z ZZlU „. 

, ja * . he ahoee ,.d,x .... .hen help .„ .den„fy .hose area, .h.eh s.,« * - v . U P 

,eM and csahulion iRDIl le.loelv mdlce»n« .he areas .h,ch cons.,l„le .he »ah» >e 
. .h.h ,C.|U,«C tuilhe. Mod,, and. en.Ae.alt> . .he pf.ne.pal area, of mC 

n\ I lm eorreo. ,.ud> draw, upon paM Mudy e.for" lo .he ereauM. »lenl| O' ah, r 

*- Mmsnlerahle use is hemj made ol ce 

i.het-fhc-llon/oa BxFsca.icri sys.cm eondue.ed for .he I aAr. 
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\ Threat C«i.**kTition% I U » 

(o) 'jS "" »""• »'>■'" K ' ,n ,n " u 

V- I-.-0 |sm) .-la ii.* being in.e.1, gated I l.v th.eal m.Hlel. .m hide holh 

jnJ Jiu.1 v.-nano. The .ndn.dujl .eapon, extend If.'m ah. rail dl.J. k."C »" h “' J 

, '" d - ,wlw “ ,u ‘' *" ' , - 
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I, ,,,,. 1 , j.-iinc .in h parameter. j. altitude .efeovtanco. r .ng,-xer..<. ' J ''"" 
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. I0 , in pul .0 width would nuke Ihe .hip- dole. Uhl. /. /«> ','o.d e..ep, lh /1 cf . 

rivonjnl w.'WV 

. u, I ,r.,e 1 1 . Z frtwndkw/.e .cu. Ire.,«.«.» rM /, »«« uhft. ■- ■* 

l,om, on. . “It I Cl..,.. I" -ho e./mple / 

mm \amrlr wav u<*d. 

,U, \niiihe, e./mple o. n, m Tin- 4. Tin. pve, UoPPlc, .er.u, 

unge tot a 50 m' (ml* length and onl> JC ^ondi dwell time. 


(V)/ 


I, .. „l, ih/l by ad/p.m, to tor tzk.nf cut, unde.ited icncophen. elfecl. there »e pnume 
,M,.a lor vh ip trallK plotting h> III radar. 
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J R Barnum 

Radii vorm* Laboratory 
Stanford. California 94 j05 


imroducton it*» 


(*» ^ S—d l n,.e„, Pr nd max Kt L ha. he, Iud> Ih* - *«" "* 

L Cot... me — — — -’"•r tic;.* ; 

jnJV „ „ JS S,,«, ... wn..» .h, HF ndai croww,. of tvpual shin « 

I ■ .he ». « flutter uv.n. .kv.a.c pi.mapat.on A partially Aontroll.d o. 

In measure 11“ I r* rv* 1 ''' v i here is to 

,,V. tun. ,n .huh :ne deto.ti. n *>' . 500-to... .«■' Mu,. .a. a.umr.fd The P 

Iheve lopi.». .nd to .pe.il> *»a. lullhcf •»* «• , 


II SHIP CROSS SFCTIONS AT HF (S, 

fj\ stT I'ndcf . .ub.ont.aet .rum S, -nlord. Tr.l.notopy (o, Common,, a, .nlerna.iona. <TC. 

V J meaeured ‘he ha.kua.ler from ip model, a. He Naval Hee.ronu. I- ah. -MU 






i 4 ff.n.rm tor a Dl - • tMO destroyer and j ForcMal Earner, 

t*f AloialofOO».darcronvfCCIionl»tp.mm» , t e „,j ’0 detreeu 

^ . i i ' uiit elevation ancle's K'tnc> t 3.* anu »U u^* i 

-ere -M«rf .« "**«*"' he,.ecn a and - Mil/ .or *«*• * ^ JjU 

RixtatK ami surface wave measurerne.il* were alvo perform*. a . 

uu „, | 4» .ale model, .. 4» time, the HF ,»lu«. The .one,, ,o the -vai.dic ..ullorre , 

at I IK should K* | 

OH l or ,e,r..al polarization, the ero,, seettom arc, I0 1 to .o' m= fo, the dedroye.. .nd 10* to 
Id- m - l«. r the earner. Ilon/onlaily polarized ero,, «elrom ale do.n J to 10 dB for I » “ >»>' 

ld p.nd.ne on ,h„. onentationl. and 0 dB fo, the came,. a, a .'Odepree ele,a.,on .n^ Th 
~«.„a.e -a.e • ercwe.ion, are of the -me mapn.tude ., .he above, a, d »hen .he radar bv.o 
hrvlat... the valter « only 0 to 5 dB lo.er in amplitude. . 


14 ) 



tlJ , IV ns.;..*, »l nulls in ell the patients »'lh trn|«nsy. bul at » !*»lcr liH ,h * 

HMjt*. I'jtletnt vxnljin U*<r nulU 


.If* t!*e juuuo in measurement of mat * •» ■* 

, ylMm j to nuHlcrjlc error *n pattern null Mature tKttifv 
*.» Hut lutilwv measurement* of Mm l>P< a< unnecessary- 


Por 20 to JO percent of the 
hnweser. enough data was taken 


111 SKY twAVL' PROPAGATED SEA CLUTTER (Ul 
1 iw tjaji p.uh ... - «» »' M 7‘» r* • 

— - — ' — - ** —r 1 

«nM expos els-nl pulses <410 . v, the vl crosvsectton was tedtHsd to 
,v, unit it« was then calculated to lie between 10 and 10*. 

<tJ1 , ,„d „c,,..cncs — « — «'* ° f t0n,r t J ‘"1 

JL l * LI on backseatler ^ » • Unction o< un t , in the Mlk Ocean. The result, 

K.|.«n ..«KMlly and hon.-on.ally pobn/ed antennas. while receivm, on the ..5-km Lo, Ba o» 

J[T rh< ,-necl » not observed when usm» a 4-drpee beamwidth antenna, which »«' 
uon. swept ./.moth data and compute, -ray.racin* backsca.te, fyntheti. .0 show that Pol«u... 
n.utHW* »% *ery sensitive to a/imuth changes. 

>)^r It is now conceded .ha, such a control over Sea Cutte, magnitude should aid in 

Vc tc nec.s the characteristic .ordinal and extraordinary , waves ,0 the receive, ml. that »« 

J u . received modes an- constrained ,0 be enual. By contras,, a vh, r repicvents a M«W 

a, d reflects these modes while kcep.n, the pound ranp constant Because- of tht. 

could simultaneously null out ,h, sea Cutter while maximum, the ship's return, h » " 

„a. some contr.vl over the radar', polarization will help detect ships a, sea. ,.e.. when the sound 
, 2 ts Ijrpe enough, and when the Ionosphere Permits the polarization phenomena ,0 occur. 


IV OTH SHIP DETECTION (S) 

On the basis o, the results described in Par,. I and I. .above,, it » ^ 

C detested on a total power basis ustn. the ARPA-ONR Wid. Aperture Research W A«Fl 

. r . in 4 m2 total tea crott section, wh»ch i* lets than * * for 
This follow* from lh« measurement of a Hr m total tea 

broadside shir- The control of the sounder', polarization may facilitate thts detection. 



|I: ;;i ; y, . 

w * if k, ;* I J j : 


... . * ...» - * ■'»'-■ rr 2 

v>w Ne« Orleans and Houston. the repealer ' •« ** 

I.h.ve Iron. the slop'. ros.l.on lo.het than the delated ■ r ' ho1 * " 

.ucieumallc. hot these ma> ho>< been •«*» l«Uttormx 

(0^ • espenmenta. -Us ..non e «... V,o ^ 

^ C> —utron, - obtainable uun, the *ARK system. *s P^ 1*,^ „ Ntcra 

to Jhov* for hrimJMJf ^ M n lu>c been Jotcvtrd «m - P* 
it tu» no< been rn>.cd. however, that - vh, P w« drlcctcil. 

V FUTURE WRK ft) 

. Measure more sc. duller inaptitude. and potan/aluin dependence .. HF 

- • Study ways to use polanrition control in OTH ship detection , 

. Run several wclUontrolled «uip deteet.on cspetimentl 

. Inscstiyate use of repeater, a. permanent, y-s.at.oned reference taryets 
it sea 

. Deselop Doppler-filtenn* fo, sea backu.at.er data proeevsin* on the 
SFCW waveform 
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ys'i Surface-wave beyond-lhe-horuon radar date. Lack to work undertaken be 'ore 1950 ir. the 
L n.ud Kinfdom. 1 Shortly ihtftaflcr a protram was .tarted by Raytheon 1 and coni.nurd by 
MIT Lincoln 1 Laboratory until 1957. The final report by Lincoln Laboratory clearly der-.onctraled the 
feaubdity o( beyond the-horuon detection even in the 1 950- 1 960 time frame. | 

^ A renewed .mere,, in Surface-w.ve radar, -a, initiated in the 1968 IDA JASON Summer Study* 
Inn, a review of OHO radar techniques Thi. atudy occuned in La Jolla. California and die pc~.bU.ty 
of uun, anchored, buoy-mounted tranamitten of relatively low power level, t = 1 00 watt.l arove m 
dncuuion. with peraonnel from Schpp. Institution of Oceanopaphy. Low power appeared pcnuble 
once buoy, could be di.tnbuted alon, a “fenc-Hine" or in an array » that the dutance from the tranv 
mine, to the tarpt I urcraft or mmilel could be kept email and the la.je uirface .-.»e loue. could be 
limited to the path from target to a Und-btied receiving installation. 

w Following the 19b8 JASON Study ARPA initiated a research program to inveatigalc the 
pocuhditir. of the uirf.ee wave .y.tem. includin, the buoy-baud tranwnitten. A number of “catamaran 
buoy, were procured from Scnpp. and in.mimented by APL Detection e.penmcnt. were implemented 
by Raytheon for the BTEW technique. 

(cj) In addition, surface wave propagation measurements were implemented to study the relationship 

of Imvea to .tale" condition.. Thi. appeared eaaent.al baud on Iherwrtk al .tud.et earned out by 
Bamck 1 Who f.Hind that. unde, roup, « conditions 10 dB or mom u,nal louct would o cu. in the 
deurtaMe frequency ranje near 10 MHt Louea of thia amount, whn h .ppea. to have been confirmed, 
certainly make Ihe .y.tem application more difficult 

(O') } Sea clutter etuved by remnant or “Bra M “ Katterin, from Kt wave, wo alv> erned u a aou.ee 
^ of concent in .y.tem application.. Sludiea now appear to .how that the Bra,** altered upial. am 
vulficiently confined in frequency r.tent that they will nol unoudy limit .y.tem perform. me for 
aircraft or mi.ule detection becaute of the lar,e» Doppler thifta auocultd with theu Urfett 
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| introduction (U> 

T ' vr* 

c ^ tv btew-i 

:::zz „*i«— - 

may be used n a system design using the BTEW-I concept. 

II NOMINAL SYSTEM AND TEST f ARAMETIRS (Ul 

i:;r,T=r==~^i- r - 

from :S0 f«l lo 14.000 f«l. All p«u« *«* nudt *' ,p " dl of PP 

Ul OBSERVED AND PREDICTED DOPPIER |U» 

rrrrm 



NOMINAL SYSTEM AND TEST PARAMF TERS 



f r.'fvnrn 

/ VVr>-{L{* 


RECEIVER SITE 

CAFE KENNEDY 

TRANSMITTER SITE 

CARTER CAY 

AIRCRAFT 

NAVY P3V (LOCKHEED PROF JET ELLCTRAl 

antennas 

RX ANT 16 ELEMENT BSA 
TX AN7X/4 MONOPOLE 
CjC t • 16 db 

ALTITUDES 

250 —14.000 

UNE OF SIGHT — P.OOO 

FREQUENCY 

10.167 MHZ 

transmitted poker - - 

2.25 KW 


i 




Fijura I. Nomina) Sytlrm and T«t Faramafm (U) 
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tri.x Pus been si, ed ».. r l rj t.UKFkml irturn msnle I. he «e« 

, Dorr*, .risk ,, x,ei„> due ... .he pound wise n,..de "ow-ver. . vmell nick 

4(1| . ..t' c*jhtl> lit ihc si> *a»r rtmtn it alu» rirarly 

(o) tX* } Iirutr * .Uust.jtes ;hf M mul!ai.rous Jclrction of « lonlfoUcJ .ircrafl on 10 MM/jnd 1 5 MM/ 

1 L doe mede .hen .here were ,ew u.he, l.rcr.,. . We d hence .he .hcenc, o. ohc 

I!;.,. , tJ .hx VC idd„ < i .i.vpn, cpih,..,y -U revul.v could he .ch.eeed fo, -he r 

«ltu*ti4ti<»n 


[ 0) , X , O. lur.hoi tn.eml .c .he prvwnce of sky wive on .he .0 Mile Md rim. 15 MM« shorn ... sky 

• cU'H'htion 4 1 jtl 


(!>>* 

(o)j* 

J.-U* 


n,e ohversed presence o. ho.h modes re.fr.nm .he (eel .h.. . purely pound «..e mode of 
J.-u**.tion i> Krrnj: rcjli/cd 

IV OBSERVED AND PREDICTED TARGET SCATTERED RECEIVED POWER fill 

l 0) ^ Predicted urpe. veered rece.ved power «,. computed uun, .he fo-lo-.n, peme.en: 
a Pjlh lou .nonunion is Riven by Dr. D. B.mck for Sec Sine 0. 


h. System parameters at *ho»n in Figure 1. 
c. A reference taryet cros»-»cction of 200 »qu <rt meters. 

f pr. Fip.ee h Chow, .he pred.Ced .nd observed receded po.e, for .he pm. from CC-GJ .. 6000 fee. 
& w* on the left his *en referenced .o .he .npu, of i cl.hei.cd recener .nd hence does -. mOec. 

the rose, sod P ,.e, ,. .he in, com.. .. cm he observed thi. .hen .. .n ipr— * 0 dB d , 

stepiney between ,hc pred.Ced receded power for . :0Om ; ur*e. .nd the observe! .fni! power for the 

ptv jircraft. 

p ) <y1 S.nsc .s expected ,bi, .he eross-v-Con of in ..rcrift chmps w.th if. mpec. if is Mdn ^ 
Cimmiie th.s vinih.e hy plot., or iRi.ns, ,he observe d.f.erence in receded power from . pred.ct.on 
iivin? a constant cross-section (c| 200*m ). 

if. Thts his been done ,n F.Rures 7 ind 8. The ihw.ssi show, the inference .n the opened teeaxed 
psose, below ,h.d which wou.d bs pred.Ced fo, . :00-m’ ...Re., The otdim.e is .he »Rle of .ltum.ni.nm 
d-prees below in ir.mulhil rime pitillel lo .he surfice of the einh. 


(v) 


(g)^1 

^ — rhmi 


15 ? 







1750 K) 20 M 40 X 1759 K) 20 30 40 50 1800 10 20 30 40 50 1001 10 

TIME (GMT) 


CO) Figu,, 6. Twjel Rec*W*d Power Pftilicled n ll-'i 




} Their P <a« he .onLed a. a, —or- »' 

(iuf e. fi, of ... poui<» would yehi • hoc .boo. *h.ch .he donation would be on., — 

•: JB. Thu 1 % well within experimental error. 

t) Yv." 0 du». .he *... wu.tr plo. «... each o. Kijurei 7 .ud *. Ok •«««- " 

1, JL« .. -- >- — - r" :ZT,Z7XZ1.. 

V» JK mono...... co^econ, obtained from . laboratory mode, >.ud, by HT-tHL. The, 

•er* to .Quorate .h. .ompa.ibihl, of .he two mdepend.nl obmrvanon. 

V CONCLUSIONS (Ul 

o') 

^ , thj4 K-eo ihown .be ,be BT. *, eon.ep. .. Pbenomeno.op.all, fea.ible. Tbe rev,„. of .be 

— 

result* commensurate with prediction*. 




***- 










SLBM OBSERVATIONS tU» 


Henry M Baker 

Raytheon Company 
Equipment Dhiaion 

OHD Advanced Development Oepaitment 
Spencer Laboratory 
Burlington. Maaiachuaelts 








rsr- 

i i . _ j Mirch 1970 it • range of 5$ km from U»t rtcei cr » • 

antennas. 

tiw «• •< •»• 

'ihown in Figure 1. There ire three «*"« t ^ T + 100 , <c ). wide-bind noiee-like 
eigniture. Th... ire the herd •«* “ ™° ( ! J M . 4 so .eel. The herd echo 

- * — — 

end the iono.pherle percurbit.on ie itindird. 

.ST The 1 1 5 Hz lidtbinds obterred in the diU were |Tntn. during rainy diy» ol the diti 
Cotd.r Thry L.utrd on rich gurney bon, curved ,nd .. On. — .hough, to * 

ZZTin pL' moduli!' t buoyv .TT ptnonnr, md.ci.td. ho.rvrt. «... .hr. t,u.pm<n, -uno. 
mth thr ITT p.«»r mouu. t wu m , de on lh , Riy.hton tdu.pm.nl 

producing .hr iidr-bindi it .hot frtdu.nc.ci. A complr.r in. wu m , tht 

LT.hr ir»ultt ind.ci.rd .hr udrbindi -rtr no. produced in .hr trcr.r.n, rdu.pmrn., IWorr. 

aource of these sideband* remains an unknown. 

an A predicted Dorpie, fluency dill, for .hi. ««« -» ob.unrd u«n, .hr m.u.1. P«. ««M ^ 
AscMn b, urn in Figure J. .hr obuoed .kin .tick did ipr. douly wl«h .ho. podK.»M- 

^ Figure 3 ihowi (hi. .hr umt type of di.i wu obirrvrd on .hr ,0 .67 MHi frrdur^y. A^ 
Cr portions of .hr ugm.urr ut prornl. en.h . moo prt.noun.rd hud oho. Th, P«dK 


(u)jsl' 
(.') 
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STAGING 

ECHO 


IONOSPHERIC 

PERTURBATION 


Figure I. Spectral Data Observed on S.I52 MHf (Ul 






<v 


»hift Ifitfl ^o«i food correlation with the received h«J whu * Fl,urf 4 ‘ No,M>t ,h *' lht 
c«nrf ma>U the initial 40 irvondi of the predicted ugnatuie. 


I 0)\sf The fc ymtxry allocated with the rvrnt i> ihown in Figure 5. The ,,Lh> on thc * f,J ** 

V ^o. ,he altituJe of .he veluvlc nd the ..me of fli|ht. Note .he repon 40 .o 100 I -von* -hej * 
Levho.avobKrv.Nc. A. .he -pu.-te Oh.. <T ♦ 40 Kcondrl .he mt*d, h,d..«.ned .hon.ohUf 
data nee of only 5.5 km. By the ,tm, of «pt.tuK drot-*.. .< t00 — d, . total r»r of *7 ho. 
hern tri>crwd. 

( J) The altitude .nd veloa.y plot, •««» ..me fo, .he v,h,c.e .re drown in K.yure 6. Tick mark, 

V C, .hoe com. indic.te .he once. .nd .he port, on of .he hpd echo reen m .he d.u. 

I j)fir The lower plot of F.pare 7 .how, .he compamon of . computed .nd the j'*"'* I op-'ure 

1 received power on the ,wo frequencies The computed recerved power o b.«d on . Im ««* • 
cnm-wction nd wu normalued to the eurhn| .y.tem ptfimetos The 5 MHz compu e 
power received curve, .pee c.ce.y Thi, .nd.Ce, -hr. .he obKrved c-^ect.on on .he 5-MHr re- 
L*> w., or. .he order .Mo 1 The upper plo. of F,p.re 7 ,how, .he measured crr»seU,ononh, 
10-MHr frequency verru, tune. At uptature oiuet. Ore crtwMec.ion wu 57m nd .. the mini. . 

ft, mumalch between .he ool.riz.tion of .he vert, cal mnoni.bn, nd recervm, n.ennp .nd .he 
muule onenutron whkh become, more himon.ai u .he vehicle move, do.nr.np, Tim po.pu..,o 
mrin.tch w*r nho obKived by SRI nd ha, been reported. 1 


CONCLUSIONS (U) 

(f> igC A BTEW ryrtem d c.p.ble of detecun, SI.BM mmile, .. . very low Jti.ude. 

{0 ) jgf Bee . uk OK r«ne, mpk, .he very low dopp.er frequencies .he altitude of e.ri,e,. detection » 

"dependent on ,he peomelry involved. A men, of reducinj the cptier ,pte.d without * ®|* °/ *^1*™ 
Knaatrvtty oe , men, of cncellin, .he cpiier would .How . Doppler U p,..ur» of 1«» U,n -• Hr 
be obK-ved end perm.. Lhe mmde to be delected .1 . lower .Ititude. 

/ jW The three obKrv.ble portion, of .he mis«Ue related oputur* p, creed by independent e<Tec... 
^ merefore. the prob.bd.ty of .1 Ic. one of the three portion, of the r»*n.tur« be.n, detected ., v O 
hi* .nd .f more .hn one portion of the suture i, obKrved . mmdc Lunch wpnin, cn be ,n.ed 
with a very high confidence. 


V 



<j \ . 

With a deployed multi-station BTEW system where the hard echo is observed on three or more 
independent paths, missile trajectory information can be demed in Kir-time from anaJyoa of the 
Doppler records for the obaemnj paths. 
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| INTRODUCTION lt'» 


L J V 


0<^ Pf-'K-t A«)iianu» ■' i «'* AR P , jrc 10 cpe-mcnt.ll* UcmonMr.tr 

MAY BILL. The primary »o.lt of the proi^t « o . , n j„, J1Kf .ft. .nd 1° comp." 

- — — -** r :::: : c : m r: - «-— «?-• 
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|| EXPERIMENTAL NETV90RK (Ul 


I, 


„x- 

-- rJirr^r-r=.« — 

in Virpnu / 


GOALS 


PROJECT AQUARIUS A 


• PARTICIPATE IN MAY BELL PROGRAM - BTEW-2 

• DETERMINE BTEW-2 FEASIBILITY 

• DETECT LOW FLYING AIRCRAFT USING BOUY-GROUND 

WAVE-SKYWAVE CONCEPT 

• DESIGN A DETAILED BTEW-2 EXPERIMENT 
RESULTS 

• DETECTED TEST AIRCRAFT AT PREDICTED RANGE 

• BTEW-2 FEASIBLE WITH SUFFICIENT TRANSMITTER 

POWER OR ANTENNA GAIN 


i)n Figurr I. Fiujrrl Ai|iuriu% G*»al> and RcmiIi* lUl 


I 



<U) Fifure 3. Network Geometry (V) 






Ill RECEIVING SITt (Ul 


t Vi The bUxk diagrams ol Ihc two receiving systems are shown in I igurc* 4 and 5 I ifure 5 *l«ow* 

4 I .Channel rrcetxmg system. including a l>F set Nonnested to an LDAA steerable anlcnm The t«rhf 
analog receiving channels use K 3*)A receivers and drive a rea.-lime analog ^nclra! display and a • 
t*vU- n tunnel analog lai^c recorder. The other receiving system in a van-mounted high dynamic range 
digital pvivevving ssstem containing synthesizer controlled receiver*. Jigital spectrum analysis and both 
an analog and diplal PCM rccoiding capability. 


IV AIRCRAFT TESTS til) 

0 ) K.gure Mots the operations of aircraft flight* and hearabil.ly tests through 10 February 1970 

On 27 January dunng the controlled tests. the P3B controlled aircraft wav detected at two different 
time* on two different frequencies. The flight path and the detection region* for this 27 January flight 
are shown in Figure 7. The data collected in real-time is shown in Figure 8 The data at the top of the 
figure shows the detected doppler signature lasting for a period of approximately 30 see-mds for the 
10167 MHz frequency. The detection is at a range of approximately 9 kilometers from Carter Cay 
and exists during the time when the plane banl.s following a tom over checkpoint C5. The lower half 
ot the figure* shows the second detection on the 15 595 MHz frequency, again lasting for approximately 
1t> kilometer* from Carter Cay. The same characteristic signature exists and is also present at the rime 
when the plane is banking dunng a turn over checkpoint D4 Both of these signature* seem to be a! 
tim -s when there i» specular reflection from the transmitter at Carter Cay to the r eceiver at Vint lull 
Farms Sntio.i Figure 9 is an expanded view of the flight path and includes the detection regions for 
these two detections. By assuming turns arc completed by first flying over the checkpoint and then 
mak.ng a maximum turn rate for the next chcckpo.nt. the doppler shifts predicted from this type of 
flight plan match very closely to the actual observed data as shown in Figure 8. 


V SUMMARY <U> 

V7 To suminan/e. the goals of the project have essentially been n.et. that of demonstrating the 

feasibility of the bouy tzclical early warning system. However, to make this system useful Tor detections 
at any rart^e beyond a few kilometer*, the effective radiated power from the transmitter will have to 
exceed the 2000 watts used for the Carter Cay detections of the controlled xircraft flights. 
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. an Speeiral . idemn, of the d.ieel v,gnal "> .he mining vea d “" n * 

' an.c he a I from one o, Iwo -eeoide. bo. again .00 1.1 k 

available dunng high veav «o nemo, any eonvluv.onv abou. Ihiv important P»cnomvnon 

. ,1 . Much of .he lime Ihe ground-wave ugnal wav contaminated by 

I, .a, only near .he end 0 . .he lliree-mon.h penod .hat phave^^ed em.vv.vmv 
ai 5 and 10 Mllr permuted powiivc vcparauon of ground wave from vky wa.e. 

. 1 til the weather m .he a,ea from January through Mareh doe. nol 
undergo grea. change.. Tempe.alure and wav appear to vary lew about 
than dunng v armer vumme: mo-ithv and hameane veavonv. 

. 0)1 Nearly one-thml of the pall, erovvev vhoalv. while much ol Ihe rumj^ndcr 
!;L'V the f.ulf Stream, lienee, movl of .he path eonvivlv of wafer .hove virfave 
iv «>ot l\pKjl of dovp »i*it ovcjo. 

O'. The v..ee«.ed mitigation would eonviv. of and emrhav/e .he following pa.lv: 

. IU) A Ion, pall, over deep water would be veleeled. preferably with endpoint, 
on la.id V. av to reduee evpenve of Ihe mcavutemenlv h 

400 km Ion, A povvble path eonvidered and recommended vtretvhe. between 


", IPCKifll 



1 



ll'l 

t ape l\nl anj northern Maine. near the Uj> ol I undy. eve* '*) fervent of this 

path is osrt mater more Hun M)C lert deer K-*p<wlrd kj/ in this area are quite 

hipEii anJ otten inline need bv Northeasterly storms blowing neaih parallrl to the 
propagation path. 

( Ph jvc-\»Hh , d. t hiyhlv stable signals at 5. 10, and .0 MM/ should be employed. 

' — - S.Ww phasc-xtnle is necessary to ensure separation tit the g'onndwase I torn tin* 

skx wave 

• l ( ‘ t l*ath-t«*ss measurements dnutlj be made t»Kc daily «*"* a penial ol fixe 
movtis I he measurement penml iltine.i shoulj include both summer and *mtvr 
weather 


% 


• (Ci i ivlJ -strength protv^ \tinuM tv used daily to calibrate the in nn transmit and 
tC \ co c a ttennjx. The field structure Irom ttie main antenna <kj| along the beach 
jnJ mti» the mater should jlso be prolvd. at least twee during the penod 


• tUl The main antennas should be kept simple. i.e.. vertical quarter-wave monopolcv 

f 0^ • it'd Path-loss signals for the ground-wave should be measured in Range iiate 0. 

X i.e.. the range gals* corresponding to the arrival time of the direct signal. Spectral 

processing should be available so as to allow better than 0.01-Hertf resolution. 

Tins vs til permit a studs of direct signal broadening due to sea wave motion and 
(possibly i atmospheric turbulence. 

• tl'l Kangs 1 dates I. 2. 3. 4, etc. should also be spectrally examined loccasionally > 
to permit study of sea clutter and sky-wave signals. 

( V) • One *ave spar should be used to measure and telemeter the isotropic ocean 

' s --' *ase spec trum somewhere near the path midpoint. 


• il’i Pulsed sea oaskscatter measurements should he made near the fccciser •-ite. 
in the manner reported bs Crombir in his papers preserved in these proceeding*. 
These measurements ai'pear to allow fairly accurate and inexivnsive calculation 
of the isotropic ocean wasehcight spectrum. 


• (1*1 llindcast wind and wave data should be collected. Also, quantitative 
meterolopcal data versus altitude and position should be gathered where possible 
to permit calculation and study of the refractrsity. 

• il'» Signal strength versus range should be measured at least on ‘e during the 
experiment. Tins could be done with a transmitter on a small boat or from 
various other shore points. 

• <U> Horizontal polarization near the receiving antenna should he measured se*eral 
times, especially during high seas This will indicate the presence of any de* 
polan/a'ion from steeply doping ocean waxes. 
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ft. VkiiiKm*! fmc«Jun| of D»U <U) 

a-, NKL vhoo'.d he .Wed .o .1M .«.»»« «.< »*’* *« * h '“ 

*, I* ft**. Urn ocean *•* *»U he pio..ed bev.de .he Path tarn mee-uremenu fo, 

gmc Jjw 

Kavlheon .hould. -lere povuhlc. p.mevv *nd l M »«* *** °' l °” * * nd 

:o mi if 

, 1 , Vw (> .ul number of reluhle pa.h-l«.c pom<« on each frequency vhould be ckuL.ed. 

,1 , n.c mean and varum, of .he path low upal. on each frequency vhould be vaJvub.ed. 

tl „ v„ JB ,„d varunce of evpcv.ed fo, Pred.Cedt p..h ft. ftCd be v.lvula.ed for each frequency 

ba^d on (he h.ndca.t wavehe.ph. dala on the days of obaenalmnv 

, v , Average. of uveral clu.f.r rpeclral record, in .he IVeH.-rU mode .hoold be made, 
for day. .uch a. M«h 23 and March 26 when cM.e, « c.ene.y in evidence. Th~ 

„ mlJc over a do, a., on for veveral independent .ample, fan independent .ample .n .he ISVHer., 

moUt is IfO sevomis long). 
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SECTION 4 

TASK ABSTRACTS <U) 


UNCLASSIFIED 



UNCLASSIFIED 


TASK ABSTRACTS (U. 

theoretical stlu.es, calculations SURFACE wave .... 


Qrpnu>(H>ti 

^1) BjUl-Uc Memorial Institute 

Specific Objective |U> 

Oc term, nation of wtfaee * a ' f attenuation 
tnMucncy and isr^i * n ^ f ’ 


and clutter a function of *ea *tate. ran^c. 


rrrrrrr-— ■ — — 

^..ud. and doppln of th. k. and «h« ran* parformancc. 


UNCLASSIFIED 
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theoretical study-attenuation over irregular in homogenous terrain IUI 

Orfaniistion tUl 
kV t I ss A 


specific Object** |UI 

,U, Deaclopment and appl.cal.on of .heore..cal techroquea for dclcmr.nm, .he aurfac. wave 
aa.muaa.on over aurfacea hav.n, d.fferen. d.electnc conatan.a and conduclmhea. 

Syiton Concept- Relation and Imporunce <U> 

tin Applicable io prtdicin, ayaton performance where aurf.ee wave i. used and land « infer- 
f^e. occur. Typical ..ampler inaadve an an.enn, loc.fed on .and and uain, aurfK. wave for franv 

rnra*,. or reception; or where energy uaed in aurfK mode mua, .raven. an uland. Tb» » 

mpora.nl in def.nn.nin, aya.em loaaea that reduce range or cauae shadow aone. (•«. Vandal. 


t' I 
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MONOSTATIC SLA CLUTTER MEASUREMENTS IUl 

jani/ation (U) 

| » SSA 

«cilk Objective |U» 

jy Determine and correlate with sea state «>* moncntalic duller spectrum as a function of range 
• 150 am) and frequency. 

r^irtn Concept Relation and Importance <U> 

J ) y Impomni in pred.ct.n* rang, performu.ee and clutter rejection re,utrement. of a land 
rvd or ship baaed monostatic radar. 



i 

l 

l 


SLBM CROSS-SECTION ll'l 


r-|i ' • ' 


L' i W w k. i t L/ fi m 


Orywuitttoft (U |! 

,n StjnlotJ KcwjJvh Inhtute 

.A ^ ,nd tumman/f *<• or. .he .he, Cud -ku.eon ,nd .«««-<' 

ol MBM .nns lotions. ! ! 

S««lrm Conrrpl-Rri*t»on »ftd Importance lU> j 

(V ) ^ R,„u.«d fo, .h« tap *nd performance prediction of HF r.d« .y.tem. SLBMju 


SHIP CROSS-SECTION MODEL MEASLREMENTS lUl 


Orj ftnu* t ton (III 

(i’l Swntord rrmenuty 




SHIP CR0SS-SFCT10N MEASUREMtNTS lUl 



OrpnuaiMtn |U) 

d'l S j' a) Prvaivh laboratory 


Objector tUl 


MNDRK radar. 


vtiom of actual vh.pi at vpeciftc avpcf.1 jn|Jcv and frequencies with the 


Svvtrrn Concept-Relation and Importance (U) 

j\^r> DtmonilnW ttot .hip. cui be detected uun| pul* Doppl-r Radir. Pnrridrt check point. 
’ .1 ^vir.c frequency >nd upect, 10 conrl.lt wi„. model m inurement*. Provide. input foe flr.lt"> 
performance ralculation*. 



vkile study <u> 


Orfinuilion 
4l’» t SSA 


Sprctfk Objective lUl 

0)j*< Determine theo.et.cdly the me. ..pec.. frenuency. end <P«tr>l <h»r.cten»t.c. of U>.p .nd 
vjhmjnnc wake* applicable *° HF radar. 


0 


S.itetn Concept ReUlton »nd Import.nce tUl 

f 0) lg( Sh.p wiket m»y be of nifficient me .nd tpectnl ctuncteh.tic. to u to 
^ * ir , cw«et,on end inert*. the c.p.bUity to detect end tmk thipv 

/ ) pf Under cert.in hi* .peed, .nd *.«»« depth, of «*ef mbm«in« m.y 

V- jft dclfvt. Ne with HF radar. 


enhance the nominal 
produce wake* that 


FI.FfcT AIR DEFENSE iFADl TEST NO. IA <UJ 


tii 


' nn'rfj-, 

»wwKUuii II 


H 


Orpnixatkm (U) 

(U» ITT -Electro Ph,wcs laboratory /Naval Research Laboratory 


Obfctht 4 Ul - 

(4 W To conduct an initial dcmomtr.uon of .he feaaibd.ty of dele, Imp end trackm, aircraft with 
V (he Flee. A>r Defenae (FAD. concept Jimg diatant akywave domination f.om a pound-baaed 
tranamittci and reccing the target reflected energy via a aurface -a.e .0 a Und ba«d recce,. 
Compart trie concept usin< two different signal formats. 


Systrm Concrpt-ReUbcn and Importance (U) 



An important initial demon, tralion to enaure the.c are no major problem, in the baaic con- 
cert prior to proceeding with a ih.pbome receiver initallation. Enaurea that dynamic range, target 
CKna-pdamation croooec.ton and clutter can be handled by known technology. The concept ta 
important in providing a silent fleet surveillance capability. 


21S 
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MONOSTATIC DO FT LEA SEA CLUTTER MEASUREMENTS i Vi 

OrpnuitxMi (1)1 

ill *1 Rewarih Lavatory 

Specific Ohrtnt tO 

))y(^ >ten«-! the Doppler charact *mtic* of >ra clutter u*in| the MADRE r»dar. 

Sy\iem Concept Relaeofl and Importance <U> 

(0) & Provide* typical Dorplcr *ea clutter record* for the de*im ol pul* Doppler ocean wrface 
^ *ur*«nJUn:e radar*. Meaturementt art limited in frequency ran* UfrJt MHi) and at a apecific 
fiaed frequency at any one time. 





MONOSTATIC HIGH RESOLUTION SEA CLUTTER MEASUREMENTS (Ut 


Organ nation (U) 

tl't Stanford Umvemly 

Stmific Objective tU> 



( 


^ Determine the amplitude and polarization characteristics of ki 

high resolution technique*. 


waiter in Uimuth and 


System Concept Relation and Importance lU) 

) i«f li may be pouible lo detect ships on the rurface of the octir. on a power ban*. Thai a it 
revolution cell me it reduced in wipe and arimuth unld its cross section due lo lea duller is less 
than that of the ship. 






SHIP AHOY NO. IA |U> 

Orfinustion tUl 

ilt| Stanford Uroveroty 


Objective lUl 

Insntipte the feasibility of detectinj ihipi using tn 
b> reducing the uic of the range i/imuth cell. 


FM/CW technique on * poner-only 


System Concept-Relation and Importance (Ul 

! j\csi The Doppler red* techn.que wUl not detect .hip. with low r.di.1 «locitie. or th.t «e 
W stationary. Urn cooc.pt will pennit detection of drip, under ««h ciro.m.unce* 


/. 





BUOY TACTICAL EARLY WARNING <BTEW) TEST NO I |S| j 

■ j 

Organization tUl |j 

iV) Raytheon j 

J, 

Objective <U) 

( o) Conduct an initial demonstration of detecting aircraft and missile* using the BTEW concept. 

V uanvirntter on a buoy with a land-based receiver in real-time at short range* using surface wave 
propagation. 

System Concept- Relation and Importance (U) 

fO) The use of the BTEW concept can provide coverage beyond microwave radar coverage and in 1 

V ' the skip zone of OHD backscatter skywavc radar coverage for CONUS defense and sp xial tactical j 

applications. The technique is not dependent on the ionosphere and can operate after a nuclear . 
detonation. In fact after a nuclear detonation, galactic and othe- user noise wil! decrease and 
coverage of this concept will be increased. 


BUOY TACTICAL EARLY WARNING (BTEW TEST NO. J 'S' 


Orpniiition (U> 

\UI S>l*anu 


Objective <U> 0 • 

Conduct .n mitul dcmoftt, ration of (he delect, on of eircraft utin* the BTEW concept, 
in non, iter on * buoy w„h > Undhised receiver in real time it Ion* r*n*e» uun* wrfcce w.ve 
, .option from tranimittct to aircrifTind «ky-w«ve from aircraft to receiver. 

• 

System Concept-Relation and Importance (U> 0 

( 0 ) tsT 'The uae of the BTEW long range concept ihould extend the rani* of SLBM and aircraft i 
L cove tar beyond the range of OHD iky wave'backicatter radar. 
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Section 1. 

e 

INTRODUCTION (V), 

For the p*at year several companies have joined in Project MAY 
BELL under ARPA sponsorship to investigate the feasibility of detecting low- 
flying aircraft and Submarine Launched Ballistic Missiles by use of high 
frequency electromagnetic waves. In particular, a number of tests have been 
made by Raytheon using a shore-mounted transmitter for generating a surface 
wave mode while Sylvania has conducted a smaller number of tests using a 
buoy-mounted transmitter with reception being accomplished via sky-wave 
at a remote site in Virginia. The transmitters and surface wave receiving 
sites as well as the controlled aircraft flight patterns have all been on or 
near the East coaBt of Florida. 

The results of the initial tests of this target detection technique 
were presented in an earlier report written during this project. In that 
report it was shown thtt an aii craft flying approximately 20 km from a 
2000 watt low power I IF transmitter could be detected. While sufficient 
detections of aircraft were accomplished to demonstrate the feasibility of 
such a system, insufficient data has been gathered to date to permit 
development of a proper system concept to provide a complete coastal defensive 
system. -*n •'articular, there arc many parameters that intcr-relate the 
ground-wave-sky wave mode that have not been examined or tested in detail 
These include variations in frequency, path loss with time of day, season, etc, 
A firm understanding of how a system can be developed to provide the • 
necessary operational capability docs not yet exist. 

In this report, the basic parameters that can lead to a system 
definition for the surface wave-sky’ wave mode arc considered by first 
evaluating known theory and experimental data. A set of experiments is then 



I 
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ilhUibiiihLy 


proposed that can provide the additional details necessary to complete the 
definition phas^ of the program. This will involve measurements of the 
variation in total path loss with respect to - fc 


Frequency 

Target Aspect Angle 


7) Propagation Mode 

The resultant data, when coupled with suitable analysis will provide the 
necessary avaluaticn of the following basic system requirements: 

1) Probability of detection 

2) False Alarm Rate 

3) Time Availability 

A) Volume of Coverage 

5) Number of Sites 

6) Power Requirements 






~ -7 | .» , w .. . _ . #i c f cCt iOW 

Since the purpose of this purUvn u. U»«; *• 

flying aircraft and missile. a. low altitude in order to provide early warning 
along .he .ca coasts. where Uiu basic method involve, both a surface wave 
over sea water plus a sky wave to the receiver, it is apparent that a stogie 
transmitter will provide essentially a circle of coverage; and hence, many such 
overlapping circle, are needed for reliable detection a. shown tn Ftgur. 1. 

It is apparent that more than one receiver site will be required since sk-tp 
rone, are known to exist for sky wave propagation. 

More importantly, from a system standpoint, it is necessary to | 

provide a good probability of detection for a significant portion of time while, 
a, the same time, maintaining a reasonable false-aitrm rate. Thus, the 
parameter, of the system must be determined in term, of the system 
requirements with various trade-offs being possible to maximize the cost- 

effectiveness. 

In order to determine the system parameters it is necessary to 
combine available data with experimentation in such a way mat new data is 
generated with sufficient statistical accuracy to place bound, on the 
parameters. This process consists of the following steps; 

1} State the problem. 

2) Formulate the hypotheses. 

3) Device experimental techniques. 

4) Examine possible outcomes with reference back to 

the reason for the problem to assure the experiment 
piovides adequate information. 


IIISSIFIED 


UNCLASSIFIED 



Figure 1. (U) Areas of Coverage for Buoy-Mounted Transmitters (w| 
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5 ) Consider the possible results as well aa the *UitisUc*l 
methods to be applied, to assure that the conditions 
necessary /or the method* to be valid are satisfied 

6) Do the experiment. 5 

7) Apply the statistical methods to the collecitti usw. 

«) Draw conclusions, with measures of reliability and 

confidence limits induced, and with due care as to the 
validity of the conclusions as they apply to the problem 
and results. 

While the above sequence appears to lead in a straight-forward 
,n»nx.cr lo the rt^uired results (in this Hit, thz system specifications and 
parameters), a serious problem arises due lo the time-varying statist, cs of 
the various paths. For example, the propagation of radio waves over water 
has been studied in the past by many people (7. 8. 11) however, variations 
in the path loss occur because of sea state, wind. etc. and the statistic, of 
these variations do not obey any simple lav. The same problem of suttstical 
variation will also occur in the radiation patterns from the transmitter 
antenna, the sky-wave mod- and the scattering coefficient of the target. 

It should also be noted that the available data on these problem 
area. doe. not, in general, repre.ent average value., but usually applic. only 
to the best condition-, with a non-zero mean associated with the variation.. 

It should also be noted that mott of the data concerning propagation over a 
sky-wave mode is time dependent with very large changes occurring both 
for time of day and season of the year. It has also been found that the value, 
are dependent upon geometry and geographical location. 








I m V fgf STATEMENT* 


Sec lion 3. 

OF PROBLEM AREAS. (U) 


/ i 

Consider a model which contains * buoy-mounted transmitter 
wilh . vertical antenna, a rafleeting target flying over the ocean and a 
receiving aite with a high-gain antenna located efficiently far from the Urget 
so ihst propagation occurs vis sky-wave. 

The basic problem ia to apectfy the parameter, »i that a pre- 
determined signal to noi.e ratio will be exceeded with high confidence at 
the receiving aite. The following atx areas should be inv litigated: 

1) Effective radiated power and antenna couplings 

2) Surface -wave losses to tarccl. 

3) Scattering or reflection coefficient of target. 

4) Sky-wave losses to receiver. 

5) Effective noise at receiver. 

6) Receiver antenna gam. ^ 


3. : 


(V) Effective Radiated Powers 


The first problem, that of effective radiated power includes the 
variations of received power due to motion of the ocean. Thus, if the 
transmitter power, feedline and antenna efficicnc.es are known, the far field 
car. be measured and compared with numerous field intensity chart, such 
a. those of reference Z. Variations will occur since the sea at these 
frequencies acts as a reflector which unfortunately is moving with time. 
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3 t 2 (U) Surface Wave Losses . 

” : “ “ r 

While the surface wave attenuation must be valuated, it may to 

some extent be inseparable from the above antenna cain problem unices a 
calm sea and a stable platform are used. A number of theories exist for 
ground wave propagation and they also include the effects of an elevated 
target or receiver. It should be noted, that the purpose of this experiment 
is not to develop a new theory but rather to determine the variations m path 
loss so that reliable detections can be achieved. 

Norton ^ has studied propagation over a spherical earth and has 
shown that there is significant variation in field strength of a surface wave 
as a function of height; he considers three regions 

h e 0 

h £ (ZOOO/f 2/3 ) feet 
h > <2000/ f 2 / 3 ) feet 

where f is in megaherl*. 


3.2. 


(IT) 


Rodion 1 - Surface Wave. 


When both transmitting and receiving antenna (or target) are near 
the ocean surface the direct and reflected waves cancel and only the surface 
wave exists. The important component is the one for vertical polarization 
because of the high conductivity of sea water which attenuates the honzont?l 
component. Thus, the surface wave attenuation approaches the values given 
by theory for a pcifoctly conducting sphere. Barrick (U) has also included 
the effects due to roughness and has published detailed data for various sea 
states and frequencies as shown in Figure 2. It should be noted that the basic 
loss is for a sphere and not a perfectly conducting plane. 
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Figure 2. (U) Basic Transmission Loss for Ground Wave Along the 

Ocean. Propagation in Upwind -Downwind Direction. (1) 
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v2-2 (in Rccion II - Medium Antenna Heights. 

In ,hi. region Norton (7) ha. determined a height-gain function and 
i, i. only necessary to multiple *>e surface wave field by the function. 

!<q,). f(q 2 > defined by Norton for the transmitting and receiving antenna 

heights as shown in Figure 3. 
j ^ j (U) Region 111 - High A ntenna. 

When the transmitting and/or receiving antenna are high, the 
earth*, curvature affect, the field .trength both within and beyond line-of- 
.Ight point.. The basic ground-wave Neld .trength must be multiplied by 
a factor depending upon whether the path is line-of-.ight or not. At 
sufficiently high altitt he. the field inten.ity ha. been found to decay 
exponentially with increasing height, 

A , point. Within line-of-.ight the earth's curvature mu.t be 
considered since the plane wave reflection coefficient is dtfferen, for a curved 
surface than for a plane. Al.o the curved .urface reflection cau.es the 
energy to diverge more than is indicated by the inverse square law. and 
hence a divergence loss factor mu.t be included. It i. apparent that these 
factor, affect not only the tran.mitter to targe, path but also the targe, 
to receiver path .ince the target act. a. a radiator after reflection Darrtck 
ha. also modelled a surface wave and calculated the path loss varta.ton, 

• with ..a ..ate and height for the HF band. Hi. re.ult, are very s.m.lar 

to Norton. 
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The evaluation of a meaningful target c ross -section for an aircraft 

► 

is difficult, since a complex target ouch as an aircraft may be considered as 
madeup of a large number of independent objects which scatter energy in 
all directions. Skolnik^J has shown that the cross-section fluctuation from 
a "simple" scattercr can vary over a ratio of 4 to 1 which would introduce 
scintillation in the signal and hence dopplcr spreading. 

Target aspect angle (TAA) can have considerable impact upon the 
reflected or scattered RF energy impinging on the target. Some of the 
information available at £DL on the HF radar cross-sections of aircraft 
and missiles is contained in references 4 and 5, however, it should be 
emphasized that these measurements were made for back-scattered energy 
and may not be correct for forward or sideward scattering, The difficulty 
is that the target area not only affects the amount of required transmitter 
power, but also because the sizes of typical aircraft and missiles are on 
the order of a wavelength at these frequencies that the choice of operating 
frequency may be influenced. Thuc, appropriate targets must be evaluated 
in terms of the goals of this program. Some of their conclusions arc: 

1. The fine structure (nose cone, tail fins, etc) with 
dimensions considerably smaller than a wavelength has 
negligible effect on the cross-section at any aspect, 
except in the direction of deep nulls where the depth of 
the null is somewhat affected. 

2. The HF broadside cross-sections of rockets and large 
aircraft are of the order of several hundred square meters. 
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53 The particular cylinders studied showed a deep null end-on 

if the length of the cylinder is less than one waveleifgth. 

If the length is greater than one wavelength, another null 
develops at 20° from broadside. 

4 , The depths of the above nulls can exceed 30 db below 
the broadside response. 

5. The cylinder aBpccl ratios studied had length to diameter 
ratios L/D = 10 to 14. A rotation of the cylinder about 
an axis normal to its longitudinal axis and parallel to the 
Poyrting vector resulted in a slowly varying response 
(polarization sensitivity) with nulls not exceeding 6 db. 

Table 1 is taken from Reference 5 and shows nulls, null depths, 
and cross-sections a, a function of frequency. Great variations in null 
depths are shown * as well as large variations between peaks and nulls. 

For example, the peak-lo-null variation of the KC-133 shows 27. 3 * (-13) db 
or a total variation of «. 3 db. It is obvious from these results that both 
aircraft and missiles present scintillating targets with wide signal variations. 

It is interesting to note lha. only two ou.-of-plane measurements 
were made - these on the KC-13S. They showed -13 to -19 db nulls at the same 
frequency. The apparent cross-section did not change significantly, however. 
Since the in, pinging UF energy from the buoy antenna will not always be 
exactly in-plane for an aircraft target, an -ven more complex null structure 
can be expected as the out-of-plane angle varies. 
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111 


Soviet 




BISON 

E Polarization 

15 

1200 (maxT 
• 18 db (min) 


H Polarization 

15 

164 (max) 
-12 db (min) 


E Polarization 15 1800 t max ^ 

H Polarization 15 1010 (max) 


TU-104 

TU-16 


E Polarization 15 


H Polarization 


215 (max) 

-12 to -15 db (min) 
762 (max) 

-12 db (min) 




(MIG 19 


MIC 21 


MIC 2 1 


E Polarization 

19 

4 50 (max) 

H Polarization 

15 

50. 5 "(max) 



min at - 1 7 db 


E Polarization 
11 Polarization 


E Polarization 


6 


8. 50 


Id 


388 (max) 

-22 db nulls at ^90° 
816 (max) 

-25db nulls at =90* 

several nulls at 
t 90* 


2d 8 (max) 

- 1 8 db nulls } 
12. 4 (max) 
inin ol -9 db 
no nulls 


H Polarization 


Id 
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3 t 4 Skv-Wavc Prop.i .’«aiwn._ 

The frequency chosen for this experiment must be examined 
carefully so that the disadvantages of HF propagation are minimized. Some 
of the disadvantages of using HF arc: ► 

1) The variability of propagation conditions ^hich could 
require changes in operating frequency'. 

2) The large number of possible propagation paths with 
resulting time dispersion of tnc signal due to multiple 
modes of propagation. 


The large and rapid phase fluctuations. 

The possibility of high interference rates due to multiple 
modes of propagation. 


For example, Figure 4 shows the typic 
the critical frequency at one specific latitude and 
numbers. 


a! diurnal variation of 
season for high and lew sunspot 


A low frequency is needed to get below the nighttime maximum 
useable frequency tMCFb and . higher frequency is needed in the daytime 
that is both below the ML'F yet above the region of high ab.orpiton. Implicit 
in tins discussion of first-order factors is the .’act that a lower useaolc 
frequency (LCFI exists and is a function of absorption, incident field strengths, 
receiver noise levels, and receiving site noise environment. 

At medium frequencies, it is possible tnat the groundv-ave and 
skywavc ranges overlap with the result that severe fading car occur v. e„ the 
two signals are of comparable amplitude. The path length is thus a considerate 
as well as the frequency chosen for the experiment. 
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Figure A. 


Typical Diurnal Variation of Critical Kri-quotuv tor January 
at C.»utudi' -10 cU'urtvs (From K«-l. J). (H 
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3 . 4 ( i’) - - Continued. 

r 

Where Figure -I showed diurnal variations of critical frequency a*, 
one latitude for er.c r-roocn of the yr.r, Fi,-ur- J.how. typical value, of 
absorption at midday. This is a maximum and depends upon the an B lc of the 
sun in relation to the horizon. On short paths, tins is the actu-1 path 
length and not the distance alon^ thr earth. 

In order to evaluate the proper frequencies of operation, it will be 
necessary to determine experimentally the variation in path loss with 
frequency. Certain assumptions can be made to limit the amount of 
experimentation needed tor a manageable program. These are: 

|*i, c receiver site noise environment and minimum 
detectable signal threshold are accurately known. 

2) The effective radiated power (EKP) of the buoy-mounted 
transmitter and antenna is accurately known or can be 
predicted. 

3 ) pie MF radar c ro>s - section of target aircraft is at least 
20 meters* at all aspect angles. 


The recci.*i»c site antenna pain is known accurately. 

The midpoint of the sky wave path is known or can be 
predicted. 

The ionosphere midpoint is stable or its variation can be 
predicted. 

The instrumental inaccuracies ..re known or can be controlled, 
The buoy swine or sea state will not affei t the measurements 
of path loss. 
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Ficurc 5. (I!) Typical Value, of Midday Ionospheric Absorption 

{From KcE Z) (t 1 ) 
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Figure 6 shows typical noise in a 6-kc bandwidth for a latitude of 
40* averaged over a year. Summer averages will be a few db higher while 
winter averages will be a few db lower. The noise level will vary with 
latitude, however, the particular receiving ailc is fixed so that more accurate 
noise determinations could be made and a suitable correction factor applied 
to any experimental results. 

3,» Receiving Antenna, 

The transmitting antenna will be by necessity limited to a simple 
vertical and may be quite short compared to a wavelength so that its 
efficiency as a radiator will be low. The receiving antenna can be quite 
efficient providing the chosen fr equency is not too low. Depending upon the 
spatial separation of arriving signals from more than one buoy, the receiving 
antenna may have to he rotatable -- or consist o. a steerable array so that 
optimum receiving conditions can exist. The better the receiving antenna, 
the greater the depression of the LVF. 


RE! 


I 
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Because the end measurement of this experiment is related to 
dopplcr shift, it become, app.rent that a slow moving vehicle - such as a 
surface vessel ~ is of limited use a. a target in evaluating path loss. In 
addition, a helicopter platform is considered less desirable because of low 
speed unknown cross-section, and rotor modulation effects. A rclaUvcly 
high speed aircraft - up to Mach 1 a. a target vehicle - appear, to be a 
viable solution, but is subject to some contramts. The aircraft should be 
Urge enough to assure an adequately Urge cross-section, and for over-water 
operation, it should be multi-engined. Since the target is passtve. .« need 
not requrre more than a single seat aircraft, such a. the F-101. The cross 
section of the target aircraft should be known accurately from model 
measurements, 

TO cover the effect, of diurnal variation, flight, must be made 
often enough during every 24 hour, to provide sufftcient statistical data. lr 
addition, seasonal variations require that experiments must also be carr.e 
out over a period of month, so tha, seasonal effect, may be taken m.o account. 

I, may be possible to linearly interpolate for value, over longer per.od 
. effect, such a. sunspot number variation, but this is mere concur* a, th.s 
timc . Additional study is needed to determine the length and fluency of tests. 

Since the target aspect angle is a vital parameter, many fl.gh. 
path, may be necessary - at different altitude. - to provide sufficer.t 
statistical data which may be processed to provide mean.ngful results. T e 
aircraft should be flown in consUnt radius circle, around the buoy to prov.de 
general contours. Cross-hatch flight path, can then be used to provide the 
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variable aspect angle data a* v/ellas provide check points where the circular 
paths are intersected. Again, it should be realized that these flights must 
take place at several different altitudes and should be numerous as possible to 
provide a sufficient data base for statistical analysis. Reference to Table I 
included earlier in this report shows the larger values d cross-section are 
1800 meters^ so that an assumed 20m^ in the equation below represents a 
worst case. 

The reflected power can be expressed as 


W 

H«D ) 2 


(3) 


wh ere: 

p = Power reflected from the target 
ref 

p s Powe r of the transmitter 

C = Gain of the transmitting antenna 
t 


0 = Target cross section 

D = Distance from transmitter to target (same 
units as a) 

The reflected power (P^l i» calculated for various distances 13 in Tabie If 
assuming an effective radiated power (P of 1000 watts. Table U shows 
the large variation in reflected power with distance or volume of coverage. 






A sketch of the basic propagation model is shown in Figure 7 
below with various portions of the path labelled. 


IONOSPHERE 





The following equations apply to this model. 

« - t- L + G = ERP (in dbm) 

P r " P 1° 98 1 

D i iUielofS, and G ^Antenna Gain 

x = jransmiuer Power. 108 l 

P 

L = Surface Wave ix>55ea 

bw 

p = Power Incident on Target 

p‘ * P. times Target Reflection Coefficient (see Table U) 
r ef i 

L = Skywave Path Loss (including ionospheric los.e.l 
p r Skywave power incident at receiver antenna 

p ,r = P. time G sTotal Signal Power at receiver^. ^ in dbm) 

" ” f (•») 

p a * P ref ' L sky + ' _ 

p ^ - |p ) (Reflection Coefficient) where Pj - p r BW 

Note that thUdoe. not take into account receiver noise ftgures. bandwidth.. 

Note that this ooc frtrrn for frce-soace transmission 

nor interference. The standard lop.rtus.mc form for . 

loss. L between two isotropic antennas is given by: 

U e 2 0 1og 10 D + 20 1 og 10 lr 3 o. 5 Bl ^ 

where D is in miles and f is in megahertz. Path, loss cannot be less than the 
lee-space loss so that one can. after Norton ,B>. state the follow.n, 

L * L-G -G +A 

trans 1 r 

where L tran. * TrinSmi “ i0n L ’“ 

C t . c r • Transmitting and Receiving Antenna gams above isotropic 
A ‘ e propagation path loss relative to the free-space value L. 
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4 -- Continued^ 

Jjt case* where it is possible to determine the effective value. of 

transmitting and receiving antenna gain, equation (7, may be ««£ 
determine the vaiue of A. I. become. impo..ibfe. however,, to epara 
antenna gain, under condition, of multipath icr.cepheric 
multipath propagation the only value, that can be mea.ure 
Thus, one must be satisfied with only an overall transnus.ton path 

To .ee why thi. i. so. let d denote the disunee and a. the volta.c 

attenuanon factor corresponding to the j-th ionospheric path. Let g » 

! » for rivinc antennas icr 


attenuation lacioi - - 

g denote the power gain, of the tran.mitting and receivtng antenna. , 

S. particular path. The average aigna, power available from the recent, 

antenna P . U then (from Norton - Ref. »): 


P. • P r X * S, ** W* 4 *'/ (8) 

• .• . Airs from the summation si^n, *od so it is 

the transmitting ano receiving k * or the 

impossible to separate out cither an inverse distance 
received field intensity. 

Referring to Eigurc 1 and Equation. <41 and ,M. it ^ *- ~ 
could measure (or calculate, both ERP and the surlacc wave lo.a. , 

' , . „ ir Tablc II show total reflected power. If it » ‘ , '* 1 

figure, give re ilccted toward the iono.phcre in the 

th i. i. equivalent to the power that ^ „ . -virtual - 

direction of ihe receiving site, then tne target 

, *«. Table II a. tne ERP. The shy wave loss, 

transmitter with those values in 

transmute , 0ste> tn * n the iree-sp.ct- 

L can be calculated by assuming no ot.. • 

sky* 


L 


Target 

EIU J 

dbm 


UikUntc tn Miles 



Included in the abuic table is tne assumption u i .. hop ^V***-* pro|>J_ 

^U.m mode as well u> an arbitrary 4 do loss due to ionospheric reflection. 
This j;u:j»be r 18 conservative sin. e it depends upon li>c* reflection coellicienl 
of the ionosphere, and could ue si^i.iticai.lly higher vl^l. 1 • aud.tion 
rec ei\ mi: antenna »:ain is not included in the laLle. 









As mentioned before, the purpose of an/ experimental pro^rai 
is to develop system* specifications. Therefore, the data taken at best 
represents sample points from the total possible variation for the variou 
portions oi tne model. It will then be necessary to apnly stand arc static 
techniques to deter, .ine the mean values and the various percentiles abo 
the mean. This in turn can be readily translated into the morv usual 
parameters of power, antenna gain, volume oi coverage. etc. 


In addition, to the usual analysis, it will be necessary to cxai: 
data to evaluate whether dependence exists on the various portions o; tnc 
and also to determine variations with umc. geojjrapmcal location, etc. . 
since it is quite likely that am system would require a coi’.rul link in or 
to maintain optimum parameters while accommodating the known variMi 


: « ul 
H 

.me the . 
• pa’.':. 

der 
ns in 


the system. 
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l'lu* U-liowint paraoieler* contribute li t- most uncertainly to 


the experiment. 

1 y . t »gurnL y * i.subt :»e chosen to ;:.ini;ir*e interference 

y.-t provide a bufficicmly stable bi^nal will. lime. In a.l probability, at least 
uvo ire H ucncie* will be nremary ~ one for claytime ube and one for nip-Aiu 


l>ath Lencti: - the path length usmI be chosen m a» to 

minimize any possible bclf-inlcrferem e problems -- i. e. . the ground wave 
t overdue are- must not in. lode the receiving Mlc. out the bkywave path 
should he lor. • enough lor reliable modes. 


\ r.» \ Ah | lev t Ancle - lue only data available on !* A A n 

data whir:: v.,n taken in the horif ontal plane. As sue:: any inclined plane :.-l 

.re not plotted, except in 1 -* on the KOl 35 a, reran. Since incident 

KK t . M . riy she urtfel will not fcUay* f-U exactly m me horizontal plane 
,bro,(lMLel will vary over some unknown ranee. 


a VlattOSi* oj 

« ><ntroll«'d >" 


Null Depth \ a nations - a elven target r.i » * >»o\c n '".ill 
..vei 3o db. therefore, any ilmnt path will iiave to uv laieiuil. 
tile effects ol the null*, mav be accounted for. 



7. inatfurm - the recoinn.er.dfd platform i. a multi-engine. 

hl( . h ?rrfcr :..a ircri.it. and pr.icr.My on. whose ero....e»tion is lt: JV ' T " 

6. Altitudes - several altitude, ior the tarpct will be necessary 

because the i.eld s.rc.tpth is boil. .U.tudc and frequency sensitive. 

9 M.asnren-.em lolerances. • some determination of the 

possible rany es ol tolerance wtll be needed in all areas of implementauon. 
no. only to size the experiment, but to judye Us tmpact on the collected data. 

10. Interference - llr in.erierence is a yrca. unknown qvar.tr.y 

.Uicc it varies considerably iron, hour to hour anu day to-day. It n-y n-q-nre 
...ore than jus. two frequencies to conduct the cxprrtment. bsiny l.tyner power 
source, would decrease the interference problem. 
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In summary ii is recommended that the proposed experimental 
program be accomplished in four phases. First, analysis and measurements 
are needed to evaluate the coupling between the buoy -mounted transmitter 
and the surface wave which, of course, ii vertically polarized. To do this, 
a variable frequency transmitter will be operated with a snore receiving 
station to mininnze the variables. 

Second, add.tional analysis will be made for target cross-sectional 
are a. This is best accomplished by modelling. Model experiments will also 
be conducted to evaluate the difference between backscattcr and forward 
scatter. 

Third, the path loss must be evaluated. To do this, an airborne 
transmitter will be used and both the sky wave via the ionosphere and the 
surface wave will be measured. In this phase, sufficient data must be taken 
to validate the theoretical results o: previous workers (2, 3, “» 6 and 11) 
in order to all prediction of time availability with reasonable accuracy. .Mode 
and frequency of propagation will also be optimized during this phase. 

Fourth, a preliminary system will be defined as a result of the 
above investigations. This design will include coverape area, control 
requirements, and an estimate of detection probability and false alarm rate. 
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ABSTRACT 


This report discusses an investigation of the 
feasibility of defending surface vessels against 
low-flying threats. Various models and tech- 
niques based on them for the estimation of 
threat trajectories are derived using a poly- 
ctatic radar approach wherein targets are il- 
luminated with skywave and surface-wave modes 
and reflections are received by a ehipborne 
receiving system via the surface-wave mode. 
Two of the models were tested via simulation: 
a two-transmitter, one-receiver (double base- 
line) case and a one-transmitter, one-receiver 
(single baseline) case. The results of the in- 
vestigation indicate that of the models tested 
only the double baseline approach may be a 
feasible method. However, further analysis 
is needed before a final conclusion can be 
reached. 

Two configurations that might be feasible for 
the ahipborne hardware required to perform 
the azimuthal and Doppler measurements are 
discussed: the multiple-baseline/pattern- 
recognition system and the switched linear 
array Doppler direction finding system. It is 
concluded that the relative advantages of the 
two systems should be investigated to select 
the one most appropriate to the specific appli- 
cation desired. 
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The detection of low-flying threat! to surface vessel* at a 
range •ufficlent to give useful warning time and tracking information is a 
problem which mvs*tt be solved if the surface navy is to survive. In detecting 
these threats the enemy must not be given the opportunity to use simple 
direction finding technique# to locate fleet units. Thus, It is desirable that 
target detection not require radiation from the fleet and that the fleet operate 
under complete electromagnetic control (EMCON). 

The feasibility of using a hybrid (skywave/surface-wave) 
system to help solve this problem has been demonstrated as part of the 
MAY DELL Program, In this concept, the target is illuminated by skywaves 
from transmitter* Neither shipbornr or land-based) located at over -the -horizon 
(OTH) ranges. Surface waves which propagate from the target to a receiving 
system aboard a s&tp permit detections to be made even when the target is 
below the Une-of~siight radar horizon. 


Experiments performed at Cape Kennedy, Florida, with 
s shore-based receiving station simulating the shipboard environment, a 
Navy P3V aircraft as a controlled target, and illumination provided by the 
MAL2R.E (pulse) and CHAPEL flEl-L. (phase code) transmitters, located 
respectively in Maryland and Virginia, have shown the technique to be feasible. 
For most of the ftiiyhsa of the target its altitude was 200 feet, and detections 
were made at ranges ai great as B0/b kilometers (km) from the receiver. 




FEASIBILITY STUDY. 


its an application cf the hybrid-system, fleet air-defense 
technique, a feasiitoUity study under Project AQUARIUS has been conducted to 
determine the practicality of defending the Mediterranean Fleet against low 
flying aircraft and cruise missile* wsiing over-the-horizon detection (OHD) 
sky-wave- - surface -wa^ve and «urface-wave--»urface-wave techniques. A 

efiort within this study was to determine if simple continuous wave 
(CW) rather than r*n*e code transmissions could be used which might then 
result In a simpler, more mobile system. 
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,. 2 -CONTINUED . j||ji 

It was determined that shore-based H F (CW) sources 
could t»« used lor .kyw.ve .nd .urf.ce-w.ve t.rget mumln.tloi. end .hlpboard 
receiver. u»od to detect the .urface-weve Doppler ehlfted elgnal ecattered 

by the target. Aeaumbig rea.onable power* (10,000 W), vertical antenna. 

„d 100 m* cro.s .cctlsr.s, a target detection range of approximately 100 km 
from the ship Is typical. 

Although the Doppler detection provides some Information 
about the target velocity and direction, becau.e of aymmetry. target, flying 
near the tranamltter may give the aame Doppler .hilt a. tho.e Hying near 
the .hip. Thu. a mean, of dl.crimlnating between threatening and non- 
threatening target, may be a. Important a. detecting the target, them.elve., 
at OTH ranges. 

This report describes the derivation and presents simula- 
tion results for three stralrht-forward techniques which allow OTH target 
detection and tracking while maintaining E MCON. 

"Tj SUMMARY. , 

“ Derivations have been made of techniques tc provide 
location estimates of low-flying targets using a polystatic radar approach in 
which the targets are illuminated with skywave and/or surface-wave modes 
from a land-based HF CW transmitter and the reflections from the targets 
are received bv a shipborne receiving system via surface wave mode. T e 
models used have been examined for two configurations a two-transmitter, 
or.*- receiver (double baseline! case and a one-transmitter, one-receiver 
( single baseline) case. For the double baseline case two model, were de- 
veloped one to represent azimuthal and Doppler measurement, made at two 
different time point, for each baseline and a second to represent a single 
set of measurement, for each baseline. For the single baseline case a third 
model requiring two sets of azimuthal and Doppler measurement, was de- 
veloped. 

The second and third models were simulated for aircraft 
detection in the Mediterranean for two situations: one in which the * lrc 0 raft 
flies directly at the ship and a aecoi»4 in which it flies at an angle o 3 
from the ship. The influence, of bearing error measurements on the trajec- 
tory estimation were examined. 
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It it also concluded that the two possible shipborne hardware 
•yateme should be further investigated to aelec. the one mbit appropriate to the 
•pacific application deaired. 


l 

I 


1.5 <U) REPORT ORGANIZATION. 


Thia report conaiata of four sections, The flrat preaenta 
Introductory background information concerning previous work done on the 
detection of low-flying threate to surface veaaela. It alao introduce!) the 
leasibillty atudy deacribed in thia report and gives a summary of the etudy and 
the conclueiona reached. The eeccnd eection describee the models used and 
the derivations of the various techniques, based on the models, for estimation 
of ml sails /aircraft trajectories. Section 3 discusses the simulation and testing 
that waa performed on two of the models and points out sources of ert jr in 
each. Estimates of ths affects of errors in the measured parameters on the 
results are also given. Finally, Section 4 dlacusseo ways of designing • nd 
constructing the shlpborne hardware required to provide the asimutk s.id Dop- 
pler measurement information necessary to the application of the derived 
techniques. 
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Section 2 


Mm 


DERIVATION FOR AIRCRAFT TRAJECTORY ESTIMATION 


2.1 


ov 


GENERAL. 


At described In Section 1. protection of the fleet against 
low flying aircraft and/or crulte mittilet may be accomplished using a 
blstatlc radar with a ahore-bated transmitter for target illumination combined 
orlth passive shipboard reception. In fact. over-the-horl*on warning may be 
accomplished without active shipboard radiation (l.e. . with electromagnetic 
^control, EMCON). The techniques considered in this study appear to eliminate 
two fundamental problems associated with CW-Doppler bistatlc radar* 

a. Target signal amplitude ghee no Indication of whether 
the target is near the transmitter or the receiving „ 
ship because the bistatic radar range equation Is 
symmetric about the transmitter-target and receiver- 
target ranges. 

b. Single Doppler measurements alone cannot provide 
unambiguous target location since single Doppler 
measurements have a four-fold location ambiguity 
caused by the geometric symmetry between the 
transmitter, rece iver and target. 

Three separate derivations will be given describing techniques 
which may be used to locate and track low flying targets which may threaten a 
surface fleet. 


2.2 


<U) MODELS USED, 


For the two-dimensional (flat earth, low flyln»,l situation 
being considered here, two geometries are worth investigating: a two- 
transmiUer, one-receiver (double baseline) case and a one-transmitter, one- 
receiver (single baseline) case. For the double baseline case, two models 
were developed. One model requires that, for each baseline, azimuth and 
DoppUr measurements be taken at two different time points. The other i lodel 
requires only one azimuth and Doppler measurement for each baseline. The 
geometries for these two models are illustrated In Figures 1 and 2. The 
single baseline model requires azimuth and Doppler measurements at two 
different time points; the geometry for this model is shown in Figure 3. 
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Figure 1. (U) Double-BiteUne , Two*M>nurementi 

Model. (U) 
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Figure 3, (U) Single Baseline Model. (U) 
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2. 2 (Ui -.CONTINUED . 

Of the three models, the single baseline case ia the moat 
desirable from an operational point of view because it requires monitoring 
only one transmitter. Of the double baseline models, the one-measurement 
case Is the simplest and the easiest to Implement. The following derivations 
describe how trajectory information may be obtained using each of these 
models. All models assume that the aircraft of interest has constant velocity 
and direction. Flat earth geometry is also assumed, a valid simplification 
for low flying targets, 

2. 2. 1 (U) Double-Baseline, Two- Measurements Model . 

Consider the single baseline, one time point situation shown 
In Figure 4, where a vehicle is moving at an unknown velocity t), the distance 
between the transmitter and the receiver Is assumed known to be D, and the 
transmitter is broadcasting on a known wavelength X. The asimuth angle 
of the target at the receiver, o, and the Doppler shift, Af, are measured. 

The received Doppler shift for this geometry may be 

written as 




= - “ (cos 6j ♦ cos 6^1 


Angles and 0^ can also be written: 


6j =90 + o+6 


0 2 = 90 +0-6 


Therefore, 


Af = y fsln (o+6! + sin (tf-6'] 
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2 . 2.1 


Also, 


(U> -Continued. 
fl . Un’ 1 (g) 




- " 

a 

- 1 

e tan 

a tar. tr 

n * 

D tan a - a 

_ tan a J 


. 


If there are two transmitter geometries, which shall be 
distinguished using subscripts, then the following three equations can be 
written: 



and 


6 , = 6 , 


<J> 


where c is the angle between the two baselines, as shown in Figure 1. The 
value of e may be calculated because the coordinates of the two transmitters 
and the receivers are assumed known. 


If additional aeimuth and Doppler measurements are made 
for these same two geometries at some time At later, then four more 
equations can be written. This set of equations is distinguished by a super- 
script prime. 


Af j ' = j ^s in (Oj '♦ 6j ) * sin {tan 


= I * ,in + 6,) + • 
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2.2.1 

fUl --Continued. 



a^* « aj • o At cos 6j 

(6) 


a^' b » 2 - u At cos 

(71 


The last two equations are a result of the constant velocity 
and direction assumption. All seven equations can be combined into a system 
of four equations In four unknowns by eliminating 6^ from the equations. The 
results are: 


Af i 

= Fj( u. 

*i* 

V 


« F 2 (V. 

V 

V 

A V 

• r 3 (u. 

V 

Rj> 


S F 4 l »’ 

V 

V 


where the F^( • 1 are different functions of the argument parameters. 

The unknowns are a^, a^ and 6j . The measured quantities are 

Afj, Afj', Af^, and Af^*. The quantities known a priori are 
Dj , D^t Xj. X^i At, and c. The above set of simultaneous equations may 

be solved for the unknowns and the ground range from the receiver to the 
target could be calculated by 



sin Oj 


Although this procedure yields four independent equations 
which may be solved for the target position, a slight reformulation of the 
problem can reduce the number of equations by two as described below. 
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2.2.2 (Ul Double -Baseline , Ont.Mtaiuremcnt Model. 

The variable! for the double-baseline . one-measurement 
model are defined in Figure 5. A# in the previous caie, the transmitter- 
receiver distances, D^ and D^,, and the transmitter wavelength!, and 

are assumed known a priori. The aitmuths. i»j, and o^, and Doppler 
shift! , Afj and .if^. are the only quantltle! requiring measurement. 

From another form of the Doppler equation. 

Af i * f; ( ' p + S* 


Af 2 = T* ( P + ">* 

*2 


where p - dp/dt and n^ = dn/dt 


From the law of cosines. 


nj = (p 2 + Dj 2 - 2pDj coaojl 1 ^ 2 


(p‘p - pDj co» wj ♦ pDj i*/j sim>| 

~ l ~ . 1/2 
fp + Dj - 2pDj coai^jl 


where tV^ ~ do^/dt 


Similarly 


(p’p - pD^ cob ir ^ ♦ pD^, & sin o^I 


Note that (» ( = o^ so. The quantity a can be estimated using the previous 

arimuth measurements as follows: 


fo ] (t» - Oj ft-ut)] + - u z <t-Atl] 
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2. 2. ? (U) --Continued. 

Now define hj , and «j a. follow*. 


hj « (p 2 * D 2 - ZpD x co« o ,» ,/2 


q, » V, 


r, * D, eo. o, 


• j = Dj a .In Oj 


Tbe quantities q 2 » r 2 * and » 2 are .imllarly defined. Equation. (8) 

and {9) can then be written a. 

Pt» * P Tj ♦ P*j 


pp - p r 2 + p« 2 


So Af, can be written 


Af, 5 T- P + 


p (p-Tjl ♦ p., 


Similarly 


Solving for f>. 


1 [ t> + P® 2 

[ p — s ; 


(q 2 h 2 + p* 2 l 

P * ‘Tb~TT- r 2 » 
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Z. 2. 2 (U) - -Cunt Inutd. 

Alto, 

- qjhj B P hj + i> (P-^| > ♦ P *| 

and so 

•hj ♦ P 


Equation* (101 and (11) Form a system of two equation* 

In two unknown* (p and p) that may be solved using standard iterative technique*. 
Note aWo that, for thi* formulation, the assumption of constant velocity and 
direction are not necessary. 

2.2.3 (U) Single Baseline Model. 

The final derivation to be considered is that involving the 
model using only one transmitter. The variable* for the single baseline model 
are defined in Figure 6. As before, the transmitter-receiver distance, D, 
and the transmitter wavelength, X . are assumed known. The atimuths, o 
and o', and Doppler shifts Af and Af *, are measured quantities where the 
primes signify measurement at some time At after the first (unprimed) 
measurements. The velocity, of the vehicle is not known. 

From the Doppler equation, 
f » ““ (f> * n) 

v -- y ( p‘ + 

From the law of cosines, 

n * (p^ ♦ - 2pD cos ^ 

• (p p - p Dcos ft * pDo a In o ) 

n S 22 1/2 
(p * D - 2pD cos a) 
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Z. Z, 3 (U) -^Continued. 

Similarly, 


, ( p > b* . p’ P cos o' ♦ p’ p O' «in £ll 

I * B >2 1/2 

(p' 4 + v - 2p' D coi o') 

In order to find a solution using only one baseline, two 
approximations have to be made 

(a) j> Is constant; l. e. , p’ * p and. furthermore, 
p = p* - p At 

(b) b is constant; 1. e. , a* = o 

Over short time Intervals (small At) these assumptions are reasonable. The 
angular velocity b can be estimated as follows: 

• o' - ft 

° = ~ZT 

These approximations are strictly true if the target is flying on a radial path, 
toward or away from the ship. 

Combining the equations and approximations above Rives 


-AfX = -q = p + p (p-rl +• ps 
h 


where 


q = AfX 
r = D cos a 
s = D b sin a 

h = (p* + D Z - 2pD co« o)* ' * 
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± » ( \ (U1 - -Continued. 

Substituting p = p' - p At, squaring to eliminate square roots and algebraic 
manipulation of the results yields the cubic equation 


Ap + 3p - Cp 4 D = 0 


(li) 


where 

A * 2At 2 (q-sl 

B s At 2 (q 2 -s Z ) ♦ At (4qr-4qp‘» + 2sAt (2p’-r1 4 D 2 - r 2 
C = At (2q 2 r-2q 2 p*+2p s 2 l ♦ 2p ,Z (q-sl 4 2p’r (s-2ql 4 2qD 2 
D = p’ 2 (q 2 -a 2 > 4 q 2 (D 2 -2p‘r) 


This cubic equation can be solved for p and the correct root chosen. Also 
note that p is still a function of the single unknown p*. 

In similar fashion. 

ar . :± Cp'* hi 


or 


- An 


-q- = p + 


i> (p'- r ’> i p; s ' 
h 1 


Where h'. q\ r' and s’ are defined s imilarly to h. q. r and s. 


Now 


-q ’ h' - p (h’-r'l = p' + ■'! 


or 

_ zal h> * p( h> - r -l <m 

p s' 

Equations (121 and (131 form a set of simultaneous equations in the two 
unknowns p' and which may be solved for the target position. 

Software simulations have been written to estimate the 
target location accuracy to be expected by qsing these techniques. The results 
of these simulations are discussed in the next section. 
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Section 3 

SIMULATION AND MODEL TESTINC 


3. 1 (U) MODELS SIMULATED. 

The result* of simulations of realistic trajectory estimation 
situations are detailed below for the double-baseline, one -measurement model 
and the single baseline model. The double-baseline, two-measurement model 
was not simulated. 

3.2 (U1 noun LE- BASELINE, ONE -MEASURE ME NT MODEL . 

An algorithm was developed for solving sets of nonlinear 
simultaneous equations such as equations {101 and (111 in Section 2. The 
algorithm Is based on a standard iterative procedure for solving equations of 
the form p = f(pl (see, for example. Introductory Computer Methods and 
Numerical Analysis, by Ralph H, Pennington, The MacMillan Co., 1^6Sl. 

This procedure consists of estimating a solution p^ and using this estimate 

to get a new estimate Pj . where = f(p o i* A new estimate p^ *• obtained 

from p„ = f(p, 1, and so on until Ip - p , 1 c, where c is aome small 
Z 1 n n - 1 

number. At this point the process is judged to have converged with a solution 

p = p . In practice# each successive p. is transformed slightly so as to 
n 1 

guarantee convergence. 

Graphically, this technique amounts to finding the intersection 
of the plots of yj = ftp) and y^ = p. The point of intersection is where the 

algorithm converges. In actual practice, there may be more than one inter- 
section. However, the correct root may be determined by examining the sign 
of p and the trend of the previous values of p. 

3. 2. 1 (Ul The Simulation. 

The situation simulated is that of a ship in the Mediterrenean 
sea at 37°N. , 2S°E. and an aircraft at a range of 180 kilometers, due north, 
flying at 720 km/hour (about Mach 0. 66). Two cases are considered as shown 
In Figure 7. In the first case the aircraft is merely flying at a 30 angle by the 
ship, whereas in the second case it is on an^attack course, heading straight for 
the ship. In both cases, the speed and direction of the aircraft are constant. 

The transmitters are assumed to be located at Rhodes and Athens. 
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Figure 7. (U) Geometry of Situation Being Simulated. fUl 
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3. Z. 2 (U) Simulation Reeultg for Double Baseline Model . 


The results of the two simulations are presented in Tables 
1 and 2. These tables give the actual and estimated range, p, and the actual 
and estimated derivative of range, p, at intervals of 60 seconds for the two 
cases. 


TABLE 1. (U) ACTUAL AND ESTIMATED QUANTITIES FOR 

CASE 1. (U) 


Time 

"1 


Range, p 

Estimated 



(seconds) 

(degrees) 

(degrees) 

(kmi 

(Km) 



0 

■ESI 


180.0 

■s 



60 

WSam 

■ 

160. 7 

■ 

-. 160 

-. 171 

120 

WtSam 


159. 7 


-. 165 

-. 166 

180 

■tl 

■ 

140. 0 



-. 161 

240 

BBS 

■ 

140. 5 

m 

-.154 

-.155 

300 

mam 

m 

131.5 

132. 1 

-.146 

-.147 

360 

00 

■o 

37.6 



■ 

-.138 

420 

70. 5 

23. 2 




-. 127 

480 

74. 5 

18. 2 



-.111 

-.112 

540 

68. 0 

12. 6 

10). 0 

102. 5 

-. 004 

006 

600 

62.6 

6. 3 

06. 0 

07.4 

-. 074 

-.083 

660 

55. 8 

-0. 5 

03. 1 

02. 6 

-. 051 

-. 025 

720 

48. 4 

MSSm 

MEM 

01,1 

■ 

-. 056 

780 

40. 8 

KM 

mbm 

on. 0 

K 

-. C0I 

840 

33. 2 



‘JO. 5 

4 . 027 

+ .026 

000 

25.0 


19 

02. 5 

+ . 052 

+ .052 

060 

10. 0 


BBS 

BISS 

+ .074 

+ .075 

1020 

12. 8 

■ 

IfTjM 

iilESfl 

+ .094 

+ .005 

1080 

MEM 



■Esfl 

+ .1)1 

+ .111 

1140 

19 


1 15. 3 

■m 


+ .125 

1200 

19 


123. 2 

mm 


+ .136 

mmm 

-6. 0 

-62. 3 

131.7 


nrai 

♦ . 146 


-0. 3 

-65.6 

140. 7 



+ .153 

1380 

-12.2 

-68. 6 

150. 1 



+ .160 

1440 

-14. 8 

-71. 1 

160. 0 



+ . 165 

1550 

-17. 1 

-73.4 

170. 0 

169. 0 

mi 

+ . 169 
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TABLE 2. (Ul ACTUAL AND ESTIMATED QUANTITIES FOR 
CASE 2. (Ul 








Estimated 

Time 



Range, p 

Estimated 

P 

p 

(seconds! 



(km! 

(km! 

(km/sec' 

(km/sec) 

mm 

100, 0 


1 80. 0 


mm 



100. 9 

44.6 

168. 0 


■Ml 

-0. 200 

IBB 

100.9 

44. 6 

156.0 


ID 

-0. 200 

— 

100.9 

44. 6 

144.0 


-0. 200 

-0. 200 

■IM 

100. 9 

44. 6 

132. 0 

132. 0 

-0. 200 

-0. 200 

K9 

100. 9 

44. 6 

120. 0 

120. 0 

-0. 200 

-0. 200 

360 

100. 9 

44. 6 

108. 0 

108. 0 

-0. 200 

-0. 200 

420 

100. 9 

44. 6 

96. 0 

96. 0 

-0. 200 


480 

100.9 

44.6 

84. 0 

P4. 0 

-0. 200 


540 

100. 9 

44.6 

72. 0 

72.0 

-0. 200 

■ • E • 3 

600 

100. 9 

44. 6 

60.0 


-0. 200 

-0.201 

660 

100.9 

44. 6 

48. 0 

H9I 


-0. 201 

720 

100. 9 

44. 6 

36. 0 

B99 


-0. 201 

780 

100. 9 

44. 6 

24. 0 ! 

HI 

-0. 200 

-0. 202 

840 

100.9 

44. 6 

12. 0 

12. 0 

-0. 200 

-0. 202 

000 

100.0 

44. 6 

0. 0 

0. 0 

-0. 200 

-0. 202 


3.2.2 (Ul - -Cont inucd. 

The most accurate results were obtained for case 2. the 
attack case. For case 1 . the fly-by. errors in the range estimate are on the 
order of 0. 5 to 1,0 kilometers. The reasons for these differences are 
discussed below, 

3. 2. 3 (U) Sources of Error . 

The sources of error include the linear estimate of rate 
of change of azimuth (M and measurements of azimuth and Doppler frequency. 

Of these, the main source of error in determining the range is that due to 
6, given in Section 2. For example, in case l at 400 seconds the estimated 
value of a is 1.271 x 10** 2 radians /second, while the actual value is 
1.300 x 10~^ radians /second. Using the estimated value of u, a solution of 
p = 1 1 8. 28 km was obtained. Using the correct value of u, however, yielded 

a solution p = 117.51 km. The actual solution is p = 117,72 km. 
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3.2,3 (U) --Continued. 

Tor some situations, * plot of y = f(P) show* that it is 
very close to the function y-p for a wide range of p. In this -ange, the amall 
errors in ffp) caused by the amall errors in estimating it produce drastic 
differences in where the two curves intersect, and hence produce errors in 
the range estimate. Normally, however, the set of conditions that would 
produce this problem occurs only for targets outside the detection range and 
would not affect a practical trajectory determination scheme. 


It is now apparent why the trajectory estimation for case 2 
was more accurate than for case I; in case 2 the azimuth is constant, hence 
6=0 and errors due to estimating it disappear. It follows that it is during 
the most critical situations that the greatest accuracy can be expected. 

3. 2, 4 (U) Sensitivity to Measurement Error . 


During the simulations discussed above, It was assumed that 
the azimuth and Doppler measurements were exact. During normal operation 
In a shipboard environment great accurarty is not possible. To test the 
sensitivity of the model to measurement errors, range estimates were obtained 
for various combinations of errors in measuring azimuth angles r/j # and tr^. 

and Doppler shifts Af^ and Af^. The measurement errors and the corre- 
sponding range estimate are tabulated in Table 3. The estimates were made 
at time - 400 seconds in case I. 

The errors in measuring Afj and Af^ have the least 

effect on the range estimate. The percentage error in the range estimate is 
about the same as the percentage error in these measurements. However, 
the errors in measuring azimuth have much greater effect. Here the errors 
in the range estimates are considerable. This is mainly due to the azimuth 
errors yielding very inaccurate 6 estimates, which has the effect noted in 
the previous section. The subject of measurement error and error sensitivity 
needs further investigation. 

3. 2. $ (U) Single Baseline Model. 

Simulations of the two cases described in 3. 2. I were also 
done using the single baseline model. The model failed to give good range 
estimates in nearly every situation. The probable reason for this is error 
Introduced by the assumption of constant p and 6 over the interval At. 

At the present time it is not clear whether or not the single baseline model 
is practical. However, further simulations using this technique will be 
investigated. 
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TABLE 3. (U) ESTIMATED RANGE WITH MEASUREMENT ERROR 
(CASE U («» 


Error in 

i»j 

(degrcesl 

Error in 
"2 

(degrees! 

Error in 
A, i 

(Hertz) 

Error in 
(Hertz) 

Actual p 
(km) 

Estimated 

P 

(km) 

0.0 

0.0 

mam 

0.0 

117. 2 

1 1 8. * 

0.0 

0.0 

HSk> 

0.2 

117. 2 

122.2 

0.0 

0. 0 

mm- 

-0. 2 

117. 2 

114.7 

0.0 

0.0 


0. 0 

117.2 

120. 2 

0.0 

0. 0 


0. 0 

l 17. 2 

116.6 

0. 0 

0. 0 


0. 2 

1 17. 2 

124. 1 

0. 0 

0. 0 

■Si 

-0. 2 

I 17. 2 

112. 8 

2.0 

0. 0 

0.0 

0.0 

1 17, 2 

136. S 

• 2.0 

0.0 

■ . 

0. 0 

1 17. 2 

102. 3 

0.0 

-2. 0 


0.0 

1 17.2 

106. 2 

0. 0 

2.0 

1 ■ 

0. 0 

1 17. 2 

131.9 

2.0 

-2. 0 

1 

0. 0 

117. 2 

122.6 

-2.0 

2. 0 

H - 1 1 

0. 0 

117. 2 

113.8 

2. 0 

-2.0 


0. 2 

117. 2 

127. 9 

-2.0 

2.0 

■afl 

-0. 2 

117.2 

107. 9 


NOTE: 


Exact t» | - 82. 49° 

Exact » =26.1 
Exact Afj =6.174 Hz 
Exact Af 2 = 4.6*6 Hz 
Time = 400 seconds 


3.2.6 (U) Summary and Conclusions . 

Tn summary, the double-baseline , one-measurement model 
yielded reasonably accurate trajectory estimates for two different simulations. 
The model was found to be more accurate when the azimuth was not changing 
(i - 0). It is much more sensitive to azimuth measurement error than it is 
to Doppler-shift measurement error. Since azimuth measurement is likely 
to be a difficult task in a practical implementation of this technique, investiga- 
tion of ways to minimize the effect of azimuth errors should be initiated. This 
model should be tested further to uncover any undetected difficulties. 
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3. 2. 6 (U) - -Continued. 

At the prevent time the • Ingle baseline model hat not been 
ehown to be feaalble. The double -baseline, two- measurement model has not 
beer, tested. 
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Section 4 
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4. 1 




DETECTION SYSTEM 


GENERAL SYSTEM CONSIDERATIONS. 


The analysis and simulation results discussed in Sections 2 and 
3 were developed with the implicit assumption that the hardware to provide 
the necessary azimuth and Doppler measurements could be made available. 
In fact, an HF prototype system for tracking low-flytng targets at distances 
beyond radar line of sight can be built with available hardware. The item of 
greatest concern in implementing such a system is the difficulty ol building 
an accurate shipboard HF direction finding system. The following aub- 
eertions describe the techniques and hardware that could be used to imple- 
ment the system. 


4.2 


tv 


DOPPLER MEASU R E M ENT. 


Precise target Doppler measurements {within 0. 1 Hr) have long 
been made by both RbD and operational over -the -horizon (OTH) radar systems 
A block diagram of a typical single channel receiving and data processing 
system is illustrated in Figure 8. Digitally tuned, synthesiier controlled 
receivers are preferred for their frequency stability. Each receiver output 
would be digitally spectrum analyzed with 0. 1 Hz resolution with approxi- 
mately a 50 Hr bandwidth to cover the maximum expected target Doppler 
shift. The Doppler shift would be displayed on a hard copy fax in.the stand- 
ard time-frequency-intensity format. The Doppler shift as measured f^om 
the direct path carrier could be scaled manually by the operator or scaled 
digitally for direct computer input using a x-y digitizing arm. 


4. 3 


.(U) SHIPEORNE DF CONSIDERATIONS. 


Direction finding (DF) from a shipborne platform involves 
many of the problems encountered by shore based DF systems such as 
dense signal environment, multimode effects, and reradiation from nearby 
obstacles. It is also constrained by the practical sire of HF DF antenna 
arrays that can be employed. The signal environment varies according to 
radio frequency (RF) band of operation and geographical location of the 
flatform. For operations in the middle of the Atlantic and Pacific oceans 



UNCLASSIFIED 


EDL-M1380 



Figure 8, (U) A Typical Single-Channel Receiving and 

Processing System. (U) 
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4 . 3 (U) - - Continued . 

a dense signal environment may not exist. However, for DF operation in 
the Mediterranean and near urban regions this problem area can become 
severe. Narrow bandwidth* (e. g. . 300-3000 Hz) can be used on DF* 
receivers to minimize this problem. In addition, azimuth and elevation 
discrimination can be employed in the antenna system design to extract the 
DF information from the signal of interest in a dense environment. 

The multimode effect can become a problem when a skywavc 
as well as surface wave of approximately equal amplitude impinges on the 
OF system. Because of the phase shift due to the difference in path lengths, 
reinforcement and cancellation of signals occur that will make DF measure- 
ments difficult for any HF DF array. Because the signal reflected from 
the target is expected to be principally a surface wave, its greater amplitude 
will help to minimize any multimode effects. 

The most severe problem of *h*f>borne DF systems is that due 
to the reradiation of an incoming wave from the various superstructure 
elements. Many solutions have been attempted but most seem to be unsatis- 
factory because of the constraints and requirements placed on a shipbornc 
DF system. These constraints are concerned with -- 

(a) the size of the antenna array and 

(b) the location/ space for DF system components 

The size of the HF DF' array is limited bv the dimensions of the ship. 

Because the principal dimension (length) is on the order of 400 feet (destroyer 
class ship) and much of this length is not available for a DF system, a wide 
aperture HF' DF' antenna array (greater than 200 feet) is not generally 
feasible. The conventional wide -aperture antenna system has the dual advan- 
tage of achieving a high signal -to -noise ratio (fr«*m the gain of the antenna 
array) and high DF resolution (from the directivity of the array). Such a 
system has the additional advantage that a certain amount of reradiation 
rojection is possible from the directivity of the array. The size constraint 
of shipborne array* prevents these advantages from being realized. One 
alternative is to employ a narrow aperture system. F'or this approach, 
which is very susceptible to reradiation effects, a location on the top of a 
mast away from superstructure elements is required. However, the 
premium for m-st and topside space make this alternative infeasible in 
most cases. 
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4 ' 3 (U) ..Continued . 

The requirement# that muit be met for shipborne HP OF system# 
vary according to application but generally may be stated a# shown in Table 4. 
Many of the existing and proposed systems meet the majority of these require- 
ments. The principal requirements that are difficult to completely satisfy 
arc the DF accuracy and the azimuth and elevation coverages. This is due to 
the reradiation effects that cause DF errors as described above for both 
amplitude and phase comparison systems. 

To date only two approaches appear promising for satisfying the 
shipborne DF requirements. These are: 

(a) the multiple -baseline /pattern -recognition (MB/PR* 
system and 

(b) the switched linear array Doppler (Sl-ADt direction 
finding system. 

The characteristics of these two systems and their applicability to the early 
warning |EWl problem are described below. The references in footnotes 1 
and 2 below contain more detailed descriptions of the systems. 

4 . 3. 1 (U) Multiple Baseline / Pattern Recognition System . 

The multiple baseline /pattern recognition (MB/PR) system was 
initially suggested by D. Marx at Naval Electronic Laboratory Center (NELC* 
and employs an array oi antenna elements distributed around the ship. The 
phase difference between pairs of elements is measured to form an input or 
signal vector. This vector is compared against a calibration matrix to de- 
termine the direction of arrival of the incoming signal. Model measurements 
were made by NELC for an HF system consisting of IS antenna elements. 
These measurements have been analyzed^using the MB/ PR approach. The 
results indicate that, for low angle (85. 5 from zenith* signals, root-mean- 
square (RMS) accuracies of better than 3. 3 are obtainable. For skywave 
signals unacceptable accuracies (greater than 10 ) resulted. For the surface- 
wave mode, for which the polarization is essentially vertical, the RMS accu- 
racy improves to 1.8° (or less). For low-flying target detection applications 


1 K. E. Spencer, S. N. Watkins, J. Creisser, A Study of the Switched 

Linear Array Doppler Direction- Finding System, SES- W D M 1 3 « 2 , 
November 1970, ( l’ NCI -A SSI FIED publication!. 

2 C. Cornwell, Shipboard HF DF Final Repor t, SES-WD G-942, 
January 1971. (UNC 1.ASS1FIED publication!. 

3 NELC Technical Document No. 72. 
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Table 4. (U) GENERAL REQUIREMENTS FOR A SH1PBORNE 
HF DF SYSTEM. (Ut 


Parameter 

Specification 

Maximum dimension 

150 feet 

System location 

on deck 

DF accuracy 

4 degrees RMS or better 

System sensitivity 

8-10 jiV/m 

Azimuth coverage 

360° 

Elevation coverage 

70° (above horizon) 

Dependence on signal 
characteristics 

independent of modula- 
tion and multiple signals 
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4. 3. I (U) - - Continued . 

where the primary propagation mode it a surface wave the MB/PR approach 
appears to be promising in terms of satisfying the OF accuracy requirement 
and overcoming the reradiation problem aboard ships. 


4. 3. 2 (U) Switched Linear Array Doppler (SLAP) Direction 

Finding .System. 

The switched linear array Doppler (SLAD) direction finding 
system is a method of determining the direction of arrival of a signal by 
processing the outputs of two simulated orthogonal moving antennas and a 
reference antenna. The simulated movement in each direction is accomplished 
by rapid switching between elements of a linear array. The azimuthal and 
elevation angles of arrival can be determined from the Doppler frequencies 
measured along the two orthogonal axes. This approach provides a method 
of overcoming the reradiation problems aboard ships as well as providing 
elevation angle-of-arrival information. A worst-case analysis of the DF 
accuracy was ie by Spencer, Watkins and Greiser^ by considering the 
reradiation due .o a resonant mast. The azimuthal angle errors were deter* 
mined to be 16. 3 degrees RMS at 4 MHz and 4. 3 degrees RMS at 8 MHz for 
a CW signal. 


To employ this approach for a target Doppler signal (i.e. , a 
signal source whose frequency changes with time) the frequency of the target 
signal at the times the Doppler measurements are made must be separately 
obtained (e.g. , from the reference antenna). These measurements then can 
be processed in a manner similar to that for a CW source. 


4.4 (U) COMPARISON OF MB/PR AND SLAD SYSTEMS . 

The MB/PR technique has the potential to provide much better 
DF accuracy than the SLAD approach for surface wave-*. However, the MB/ 
PR method does not perform w-ll against skywave si.ials and does not pro- 
vide elevation angle-of-arrival information. The storage requirements 
of MB/PR processing are more severe than the SLAD technique because 
of the size of the calibration matrix. In contrast, the SLAD approach 
provides the capability to use skywave information and does determine ele- 
vation angle of arrival. However, because of its comparatively poor DF 
accuracy it does not meet the general DF requirements. 


4 Op. cit. 
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4.4 (U) -- Continued . 

Both approaches should be investigated in more detail before 
one method is selected over the other for a specific application. The MB/ 
PR technique is expected to be tested using data from an experimental 
shipborne OF antenna array. A demonstration of this technique is expected 
to occur sooner than one for the SLAD technique. 
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SECTION 1. 


Project AQUARIUS is a part of the A.RPA sponsored ocean 
surveillance program under Project MAY BELL. The P r,mar> goals c* 
Project AQUARIUS are to experimental!, demonstrate the feasibility 
of detecting noth submarine launched ballistic missiles and low-flying 
aircraft and to compare the experimentally observed detection ran.es to 
theoretically predicted detection ranges. The experimental set-up 
consists of using a bistatic HF conlinuous wave radar will, low power 
ocean based buoy transmitters and high sensitivity receivers located on 
the coast. A detection is made by ooserving the doppler shifted signal 
that is scattered from moving targets. In this particular experiment 
the target is illuminated by linc-of-s.ght or ground wave energy from 
the transmitter. The scattered doppler shifted target return is received 
by an ionospheric sky-wave as illustrated tn Figure I. 

Tnere has been a continuing requirement for this type of long 
range delcction of small targets since a Conan pilot flying a MiG 
penetrated the U.S. radar network and was first spotted by the air 
controller at the Miami airport. 

The experimental results of the controlled aircraft tests have 
been fairly encouraging and indicate that long range aircraft detection is 
possible using ibis low power bistatic radar concept. There appears to 
„e » fair agreement between the predicted detection regions and tne regions 
for Which the'aircraft has been detected. During a iota! of three controlled 
aircraft tests, four detections have been made, two of which are detections 
of the controlled aircraft. However, during one period, that of .8 December, 
the detected aircraft does not appear to correspond in time or location with 
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Figure I. Illustration of Duoy Ta-tical Early Warning Concept (0). 
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beini; employed i .» r these tests arc described. inc basic geometry, 

Iran a : i sitter and receiver configuration, calibration let hmqucb, propagation 
calculations, and a description of the propagation program are *:iven in 
this section. Section 3 contains the deset iption of the detection prediction 
of Poiscdon launchines from Cape Ken end y usinj; tne buoys located 
approximately 100, 200 and 300 km from the launch area. Tor that 
particular geometry and tne rany*s involved, it is observed that tnc 
probabilit, of detecting ar SL!RM is virtuall .teyli^iolc until the target 
rises into the ionosphere and acquires a substantial 1 > enhanced cross 
section. Section 4 contains a description of tuc controlled aircraft tests, 
flight plans and the detection observations made. Also, in this section is 
a tabulation of predicted and observed carrier strengths and noise levels. 
The purpose ox these comparisons is to u'bcrvc with what reliability these 
parameters can in* predicted with the oiijcct of accurately predicting system 
performance. Finally, Section 3 contains a sum. nary of liie problems 
and the basic results obtained to date. 





SEC riON z. 


KIDMEN r AND lECHNIUUES (L) 



Due to the nature and the lure frame ot ihis pru'ci., all of tne 
data collection hardware has n«»er. obtained ny usiny equipment develops 
l,v uli.er Project MAY HELL p-rtiripants or m u.iini; hardware developed 
for olher programs. Doth the buoy and the C V'« transmitters at Carter Ca> 
used in these tests, arc alsu used for the yruundwave measurements whit fi 
Raytheon is conducting. l*he receiving system t» ust oelune* to tne LSAS/t 
field station located at Vir.i Mill Karina Station. Va. and consists of a 
linear disposed antenna urrav and multi -c hannel MF receiving and rvcordir 
equipment. 


Two dill c rent types of transmitters iiavc been used in tne experiment 
to date. Those tests conduced prior to December used a uuoy mounted 
transmitter of approximately 10 watts radiating at 5.6 and ^.Zbi MHz. 

Tne antenna on the buoy consists of a tep-leaded vertical nionouole cut 
fur a qua rler wave lenyih at 7. 5 MHz. This buoy was anchored oil the 
coast of Florida approximately 120 kilometers down ranee and at an azimuln 
■.»f 1 13 decrees from Cape Kennedy. 1’he tests conducted in January and 
Eeo-uai . have used tr:c CW transmitters on Carter Cav. The power of 
these CW transmissions has ranyed from 10^ watts up to 2. 3 kilowatts 
depending upon time and the particular transmitter in use. All of these 
transmissions radiate into quarter wave vertic-l nionopoles cut tor the 
frequency in use. 
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2.2 


tf?) Receiver Site Charac ter!! n 
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iVo separate receiving system. have been used a. the receiver 

si.e located at Vim Mill Farms Station. One receiving system is awn 
mounted It i p It dynamic ranje digital processing system containing 
synthesiser controlled receivers (Sylvania K-27A receiver. Ildigital spectrum 
analysis" using a CDC 1700 general purpose computer and both analog and 
digital I'CM recording capability. The second receiver system is located 
in two back-to-back house trailers, and consists of a DF set connected to 
an LDAA steerable beam antenna and 12 analog receiving channels using 
K390A receivers. The R390A receivers connect to both a real lime 
analog spectral display and a 12 channel analog tape recorder. The block 
diagrams of there two receiving systems are shown in Figures 2 and 3. 


2, 3 V k/ ) 


Receiver System Cali ■ ■> ration. 


One of the more important goals of this project is to be able to 
predict .he detection performance uf the buoy tactical early warning system. 
Thus, it is desired to compare predicted signal and noise values to actual 
measured data. Then, if there exist significant discrepancies between the 
actual and o . served data, the predicts must be modified to correct 
this difference. 

The standard calibrations that are performed on the system are to 
measure the received carrier strengti, and also the received noise power 
referenced lo a 1 Hertz bandwidth. The process of measuring the received 
carrier strength is a simple procedure of comparing the receiver IF output 
signal level when it i. connected to the antenna, to the IF outp :t level when 
the receiver is connected to a synthesizer having the same HF frequency as 
the carrier signal being measured. The average IF output level for that 


c Digital Spectrum Analysis not available after January. 1970 due to 
termination of the computer lease. 
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Figure 2. (U) Block Diagram of Twelve Channel Analog Receiving System (U). 
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particular carrier signal is noted. Then the synthesizer at the same 
frequency is input to the antenna terminals and the output amplitude 
adjusted until the receiver IF output signal strength is the same. The 
synthesizer signal level is then measured, and converted to db with resfccl 
to a watt. Thus this signal substitution nvjthod gives the received carrier 
strength in dbw and is measured within the narrow IF receiver bandwidth. 

The determination of the noise level at frequencies near the carrier 
is done by AM modulating the on-air carrier signal with an audio frequency 
square wave using a very small percentage modulation. The amplitude 
of these modulation tones is observed at the output of the real time spectrum 
analysis display. The modulation percentage is reduced until the 
modulation tones disappear into the background noise of the display. 

Since the modulation percentage is easily converted to signal level in db 
below the carrier and the spectrum analysis bandwidth is 1 Hz, then the 
relative carrier-to-noisc power is directly obtained referenced to a 1 Hz band 
width. Thus, if the calibration tone disappears into the noise at a level 
of 64 db below the carrier, it is assumed that the noise value is also 64 db 
below the carrier value. This carrier-to-noisc ratio is then added to the 
received carrier strength to obtain the measured noise power in dbw per Hz. 





Mill] 


The prediction program package consists of individual computer 
programs that (a) compute a targe* trajectory, (b) predict propagation mode 
structure and mode amplitude; and { c ) predict the Doppler and missile 
cross- section. 

The trajectory simulation. program estimates the missile or 
aircraft trajectory based upon fitting the flight profile to a functional form 
using a least- squares fit technique. The required inputs to generate the 
model profile arc liftoff and burnout times, launch azimuth, apogee, and 
range. The program then computes altitude, range, latitude, longitude, 
velocity, the speed of sound, Mach number, Mach angle, local target 
bearings, local targec elevation angles, and acceleration. The computed 
parameters serve as inputs to die propagation prediction program to 
determine mode structures with a time varying terminal point on the 
trajectory. 

*Thc tTSA/ESSA propagation prediction program has been modified 
to allow for non-congruenl hop structures and for propagation to and 
reflection from a point above the earth. The program predicts the mode 
structures that meet ionospheric propagation conditions on each of the 
three paths: the direct path, the transmitter-target half path, and target- 
receiver half path. In addition, the propagation losses and antenna gains 
for each mode are determined. For each mode predicted on the transmitlor- 
missilc half path, an "incident" (at the target) elevation angle, measured 
from the local horizon, is found. For cacn mode predicted on the target- 
receiver half path, the "scattered" elevation angle is also found. These 
parameters are then used with a modeled profile to predict Doppler 
l'req ucncios. 




Propagation predictions are based on empirically derived 


world-wide numerical maps of vertical ionosunde data. The results arc 
monthly ionospheric coefficients which can be used with the parabolic 
layer assumption {parabolic electron density variations in the E and F layers) 
lo predict monthly average ionospheric conditions affecting a specific ray 
path at any hour of the day. 

In the prediction model, all line of sight, E and F propagating 
modes are determined between the transmitter and the target, between the 
receiver and the target, and between the transmitter and the receiver. The 
determination of these "half paths" is a generalization of the ground-to- 
ground prediction technique to include the case of ground-to-elevation-point 
predictions. 

After the mode structures tn«»t meet the ionospheric conditions are 
identified, (those between horizontal screening and ionospheric penetration) 
propagation losses and antenna gains are determined. The *osses calculated 
arc free space loss {inverse square law), D-laycr absorption loss, and ground 
reflection loss. The KBS empirical adjustment factor is included on the 
direct-path predictions to account for non-calculatcd losses. This factor 
is statistical and varies with season, path length, and earth location of 
the path. No similar adjustment factor is used or kr.own for the half paths. 
The antenna types are specified for the system and the appropriate gain 
routines or gain tables are used. 

The target scattering model for missile targets above 100 km is 
a hyperboloid compressed-ambient ionization in the exhaust-plume bow 
shock wave. The shock-wave scattering surface is considered hyperboloidal 
from photographic observations which have shown that the shock-wave surface 
could be described by a second order function and that the shock-wave 
surface should be asymptotic to the Mach cone. 

— -isr 
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The direction of the rays for the transmitter -missile and receiver- 
missile propagation paths uniquely define a plane tangent to the hyperbrlo:dal 
surface which has the proper orientation for a reflection, provided the 
incident ray encounters a high enough electron density for reflection. r- 

Since little definitive work has been done to accurately model 
missile cross sections below 100 km or aircraft cross sections at HF, a 
constant (adjustable) cros- section is used for aircraft and missile targets 
below 100 km. 

The antenna gain patterns for both the monopole transmitter 
antennas and the LDAA receiving antenna arc part of the program. The 
gain pattern for the LDAA was obtained from data supplied by ITT by using 
azimuth patterns predicted by the array factor technique for 16 monopole 
dements and the elevation patterns from scaled model measurements. 




SECTION 3. 


(?' 


yf. 


PREDICTED SYSTEM PERFORMANCE (C) 






Propagation calculations to predict system performance using * 
modified version of the ESSA skywave propagation program described in 
the previous section have been made for both the direct and the sratter- 
paths between the receiver site at VHFS, and the buoy transmitters off 
the Florida coast. The purpose of these calculations was to estimate the 
feasibility of detecting SLDM missile launchings from Cape Kennedy and 
controlled aircraft targets using the geometry previously established of 
buoys at ranges of 100, 200 and 300 km f *om Cape Kennedy. 

3-» Missile Detection Performance. 

Several sets of calcuiaiTons using the computer predictions were 

performed. The receiving antenna at Vint Hill Farms Station used for all 
tests is a tulip element LDAA built by ITT with an assu.ned maximum gain 
of 16 dbi. A constant scattering cross section of 100 m 2 was assumed for 
the missile al all altitudes below 100 km. At altitudes above 100 km the 
bistatic cross section was modelled using a hyperboloid compressed ambient 
shock surface. The assumed cross section then changes from 10“m at low 
altitude to values of lO -1 to loV above 100 km. The three buoy transmitter 
locations are at 100. 200 and 300 km directly down range from the 10o‘ 

Cape Kennedy launch azimuth. The Carter Cay transmitters arc approximately 
2S5 km down range at a 123" azimuth from Cape Kennedy. The transmitted 
frequencies lor the buoys were the presently assigned values of 3. b and 
9.295 MHz. These frequencies, plus frequencies of 15 and 20 MHz were 
assumed for the Carter Cay transmitters. The buoy, were assumed to have 
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1 19km -10km 10km 5km [Altitude 


Table 1. 


(U) Predicted System Performance for November, 1969 
for Buoy 1 at 100 km Range from Cape Kennedy (U) 




S/N 
PC /SB 


Target Signai-to-Noisc Ratio (db) 
Carricr-to-Targct Signal Ratio (db) 
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10 km 10 km 5. km Altitude 

>9 5.8 9. 259 5.8 9.259 5.8 Frequency (MHz) 


Tabic 2. 


(1) Predicted System Performance for November, 1909 
for Buoy 2 at 200 km Range from Cape Kennedy (C) 



00:007 

04:007. 

08:007 

12:007 

16:007 

20:007 



-18. 5 
83. 9 

-20. 7 
84. 7 

-17.3 
•85. 0 

-49. o 
86. 4 

-36. 5 
• 86. 0 

S/N 
PC / SB 

- 8.6 
76. 6 

-15. 1 
76. 6 

-14. 0 
77. 3 

-9.7 
78. 0 

-20. 6 
76. 7 

-11. 3 
77. 6 

S/N 
PC /SR 

-8. 9 
93. 9 

-18.4 
83. 9 

-20. 7 
84. 7 

-17. 3 
85. 0 

-46. 9 
84. 4 

-37.6 
87. 0 

S/N 

PC/SB 


-15. 0 
76. 5 

-13.9 
77. 2 

-9. 7 
77, 9 

-21,2 
77. 3 

-11.4 
77. 6 

S/N 

pc/sb 

-K. o 
83. 6 

-18. i 
83. 5 

-20.3 
84. 3 

• 17, 2 
84. 9 

-44.4 
81. 9 

-33. 5 
82. 9 

S/N 
PC /SB 

-7, l 
75, 1 

-14. 5 
76. 1 

-13. 4 
76, 7 

• 8. 4 
76. 7 

-20. 7 
78. 8 

-11. 5 
77. K 

S/N 

PC/SB 

20. 6 
54. 4 

11.9 
53. 6 

9.6 
54. 4 

7. 7 

60. 0 

-49. 1 
86. 6 

-18.5 
68. 0 

S/N 
PC /SB 

13. 5 
54. 7 

3. 1 
58. 5 

4. 15 
59. 2 

27.t> 
40. 6 

22.0 
34. 1 

27.6 
3H. 6 


S/N s Target Signal -to-Noise Ratio (clb) 
PC/SB = Carrier -to -Tar get Signal Ratio (db) 
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9.259 5.8 9.259 5. H 9.259 5.8 9.25? 5. 8 Frequency (MHz) 


Table 3, 


(L‘) Hr edit' led System Performanc c for November, »9o9 
for I3\ioy 3 at 300 km Range from C«pe Kennedy (U) 



UO;007. 

04:00/. 

08 :00Z 

12:002. 

16:007. 

20:00/. 

S/N 
PC /SB 

-20. 3 
89. 7 

-30.4 
90. 3 

-32. 8 
91.3 

-28. 3 
90. 0 

-70. 7 
1 02. 2__ 

-55.2 
98. 9 

S/N 
PC /SB 

- » 9. 3 
78. 4 




-34.9 

82.0 

-24. 6 
82. 2 

S/N 

-12. 5 

-22. 0 

-24.3 

-21. 0 

-50. 5 

-41.2 

pc/sb 

HI. 9 

81.9 

82. H 

82. 7 

82. 0 

85. 0 

S/N 

-l>.2 

-18. 6 

-17. 5 

-13. 3 

-24.8 

-15. 0 

PC/SB 

71.2 

71.2 

72. 3 

72.9 

82. 5 

72. b 

S/N 

-12. 4 

-21.8 

-24. 1 

-21.0 

-4S. 1 

-37. 3 

PC / SB 

81.8 

81.7 

82. 5 

82. 7 

T9. 7 

81. 0 

S/N 

-10. 9 

-18. 3 

-17.2 

-12. 1 

-23. 9 

-15. 3 

PC/SB 

70. 0 

70. 9 

72. 0 

71.7 

71*i* 

79. 9 

S/N 

-10. 0 

2. 3 

-0. 7 

12. 7 

-So. 9 

-27. 2 

PC /SB 

59. 5 

57. 6 

59. 1 

49. C 

HH. 4 

70. 6 

S/N 

5. 3 

-4. 3 

-4. 8 

16. 7 

7.7 

13. 7 

PC/SB 

55. 7 

56. 9 

59.6 

42. 9 

39.4 

43. <' 


S/N s Target Signal-to-Noi sc Ratio (t!L>) 

PC/SB = Carricr-to - Target Signal Ratio (dt>) 


. 16 - 


UNCLASSIFIED 



1 1 9 kin '1 Okm 1 0km Altitude 

9.259 5. 8 9. 259 5. 8 9. 259 5. 8 9. 259 5. 8 Frequency (MHz) 
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Table 4. 

(U) Predicted System Performance for November, 1969. 
for CARTER CAY Transmitters (U) * 


00:00/ 04:00/ 08:0UZ 12:00Z lt>:00Z 20:00/1 


S/N 
PC /SB 

0. 7 
84. 9 

-7.8 

83.9 

-10. 1 
84. 7 

-6. 7 
85. 0 

-38. 3 
85. 9 

-25. 9 
85. 1 

S/N 
PC /SB 

2. 1 
80. -1 

-4.4 
79. 5 

-3. 3 
80. 2 

0.9 
80. 8 

- 10 . 0 
79. 0 

-0. 7 
80. 0 

S/N 
PC /SB 

1.8 
83. 5 

-7.8 

83.9 

-10. 0 
84. 7 

-6.7 
85. 0 

-36.2 

83.9 

-26. 9 
86. 1 

S/N 
PC /SB 

2. 1 
80. 3 

-4.3 

79.4 

-3.2 
80. 1 

1.0 

80.8 

-10. 5 
79.6 

-0.7 
80. I 

S/N 
PC /SB 

2. 0 
83. 6 

-7. 5 
83. 6 

-9.7 
84. 3 

—6 • 6 
84. 9 

-33. 8 
81. 5 

-22.9 
82. 1 

S/N 

PC/SB 

3. 5 
79. 0 

-3.9 
79. 0 

-2. 8 
79. 7 

2.2 
79. 5 

-10. 1 
79. 2 

-0.9 
80. 3 

S/N 

PC/SB 

36. 8 
48. 8 

27. 3 
48. 8 

24. 8 
49. 8 

21.5 
56. 8 

-40. 7 
88. 4 

-10. 4 
65. 1 

S/N 

PC/SB 

29.2 
53. 3 

21, 0 
54. 1 

20. 1 
56. 7 

45. 2 
36. 5 

24.7 
44. 4 

25. 3 
54. 1 


S/N ■ Tar pet Sipnal-to-Noisc Ratio (db) 
PC/SB - Carrier-to-Tarpet Sipnal Ratio (db) 
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■‘ABLE 5. 

(U) Predicted System Performance for Novcnibcr, l *)(»*) 
for Carter Cay Transmitter Using Frequencies near the MUF. (U) 



S/N - Target signal-to-noisc ratio (db) 

PC/SB = Carrier-to-target signal ratio (db) 
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-- Continued. 
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all the variables and changing ih ".lues o£ a single variable at a time, 
regions where detections are most likely to occur can be generated, as well 
as obtaining an understanding ol how a particular variable affects the overall 

detection area. * 

Detectability regions have been calculated (or var.ous irequcncies. 
hop structures and noise levels using a buoy located ir» km Iron. Cape 
Kennedy as the transmitter and V1IFS. Va. as the receiver. A sea state of 
5. transmitter power of 50 watts, groundwave propagation from transnutter 
,o targe- and skywave propagation front ta.get to receiver and a xcqu.red 
Signal to noise ratio of 3 db have been assumed. 

The following technique is applied to find the area of detectability: 
From the radar range equation 

r 1A . 4 TfO i 

I i + L - G _ - G - [ 10 log 2 - 

L r ^DT DR T R X 2 

where L = total loss 

L \ = spreading loss from transmitter to target (db) 

I 01 = spreading loss from target to receiver (db) 

Ci = pain of the transmitter antenna (din) 

r = uain of the receiver antenna (dbi) 

U K b .2 

0 = cross section of target in m 

X c wive length 

C C R and 10 log ^ arc known and L R is calculated by assuming a 

vie L atmospheric noise, adding to it the transmitter power and the 
required 3 db sign.l-lo-noise ratio. Substituting the calculated value for 


111 
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L into the equation. “ I L BR is calculated. By taking the total spreading 
loss, subtracting the loss contributed by the D layer loss and skywavc 
propagation loss Iron, target to receiver. a value f or the spreading loss in 
the target-transmitter leg is obtained. This loss is the propagation loss 
incurred by a groundwavc and can be converted to the range required lor 
this loss to occur using Garrick's* groundwavc transmission loss tables. 

This technique was used to calculate the detection area around the transmitter 


lor various frequencies and atmospheric noise conditions. The results ol 
the detection area calculations are tabulated in Table 6 and a vertical 
projection ol some ol the regions onto the ground is shown in Figure 4. 

The reason for the egg-like shape is that the area boundary is the locus ol 
points such that the product RjR 2 is equal to a constant. 


Referring to Figure 4 we see that the largest area of detection is 
for 2F hop cases lor both 5. 8 and 9. 259 MHz. as compared to the IE nop 
situation. This is because there is substantially less D-layer loss for 
the 2F hop mode than the IE hop mode due primarily to the different path 
lengths in the D-rcgion itself. With higher modes the incident angle through 
the D-layer is higher, thus the loss on these paths due to D-layer absorption 
is smaller. For the 2F hop modes the region at 5. 8 MHz is larger than 
the region at 9. 259 MHz. This is due to the fact that the loss on the R1 
path is smaller at lower frequencies because the spreading loss is directly 
proportional to the wavelength and as one would expect the larger region 
for detection exists for the lower frequency. However, on the IE modes 
we find the situation is reversed, the higher frequency is also the larger 
area of detection. This is because the D-layer loss on the 5.8 MHz 
frequency is substantially more than the D-layer loss at 9.259 MHz and this 
overcomes Die groundwave propagation advantage at the lower frequency. 
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- GAO Ilf© WAVE 

A 2 - SKYVAVE 

P „ - 50 wai ts 
TnrrA 

TK77R TO RECEIVER: 1 192 k m 



5.6 MHz (2F ) 
9.259 MHz (2F) 
9.259 MHz (IE) 

5.6 MHZ (IE) 


Figure 4. (U) Sample Detection Regions (U), 
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Table 6. 

(U) Summary of Detection Region Calculations (U) 


Frcq 

MHz 

Hop 

Structure 

Rj 

Km 

*1 

Loi;c 

db 

L BT fL B R 

. 1 -o r 
db 

D- 

I .ay er 
Loss db 

r 2 
Los s 
db 

Atmos 

Noise 

dbw 

5.8 

IE 

11 

61 

211.7 

48. 5 

102,2 

-180(B) 

5.8 

2F 

67 

79. 1 

211.7 

30.4 

102.2 

-180(B) 

5.8 

IE 

10 

59.5 

195. 7 

34 

102.2 

-1 53(M) 

9.259 

IE 

54 

60. 1 

210.7 

21.9 

108. 7 

-172(B) 

9.259 

2F 

48 

86.2 

210. 7 

15.8 

108. 7 

-172(B) 

9.259 

IE 

44 

84.7 

208.7 

15. 3 

108. 7 

-169(M) 

9.259 

IF 

65 

90. 8 

20B.7 

9.2 

108. 7 

-169(M) 

15.00 

IF 

60 

101 

216.9 

4. 0 

112 

-174(M) 

15. 00 

IF 

67 

103.6 

221.5 

5.9 

112 

-17f'R) 

20.0 

IF 

66 

113. 9 

231. 5 

3. 1 

114. 5 

-186(B) 

20. 0 

IF 

66 

113. 6 

230. 1 

2. 1 

114. 5 

-185(M) 


B = Best noise case 0800-1200 Local Time 
M “ Medium noise case 1600-1200 Local Time 
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From Tabic 6 we «ee that the detectability radii (Rj) tend to 

increase with increasing transmitted frequency. However, once the 

frequency increases to approximately 15 MHz. the spreading losses cancel 
the effect of decreasing D-layer loss and decreasing atmospheric nois^eo 
that the growth of the detectability region virtually stops. Note that the 
detectable radii arc approximately the same for 15 and 20 MHz. It is 
also observed that varying transmitter power and transmitter or receiver 
antenna gains have the same effect on the size of the detectability regions. 

That is a db of gain or loss whether generated from varying transmitter 
power or antenna gain enters the radar range equation in the same way. I 
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Table 8. 


(U) Summary of Operations (U) 

MEASUREMENT OR 


EVENT 

DATE 

TYPE 

FREQUENCIES 

(MHz) 

DETECTION TIMES 
(GMT) 

1 

18 Dec 69 

AC 

5. B 

1750-1755 

2000-2005 



AC 

9. 259 

ND 



AC 

10. 167 

ND 

2 

27 Jan 70 

AC 

15. 595 

1656 

3 

27 Jan 70 

AC 

10. 167 

1712 

4 

5 Feb 70 

HB 

20.250 

*—1500 



HB 

10. 167 

— 1 500 



HB 

10. 167 

—2100 



HB 

20.250 

—2100 

5 

10 Feb 70 

HB 

9.259 

—1430 



HB 

5. 8 

—1430 


AC - Aircraft 
ND - Not Detected 
HD - Hearability 
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16) -- Contir. 


Il is felt that the detected stature is not the Navy P3I3 aircraft useo in 
this test but on aircraft flyini! near the receiver at VIIFS. The predicted 
detectability region for this day extendi at best to only 11km. The P3B 
aircraft approaches the busy * itfcm only 30 km. The period of th* 
first Doppler signature's si.r cr.ar.pe occurs 5.2 minutes latcr.ihan 
predicted closest approach and the period of Uic second Doppler signature 
sign change occurs 2.8 minutes earlier than predicted closest approach. 

The Doppler signatures obtained shown in Figures 7 and 8 were of the 
proper frequency for an aircraft but were much stronger than could be 
expected from a 10 watt transmitter. Thus, due to inconsistant timing, 
distances of aircraft from the transmitter, strength of detected signatures, 
and the low power of the transmitters, il is concluded that signature 
detected was not the P3D aircraft used in the experiment but rather another 
plane flying over the receiving antenna. 


— Events 2 and 3 on January 27, 1970 involved an aircraft (P3B) 

climbing to an initial altitude of 24. 000 feel and spiralling down to 2000 feet 
while holding a precise test pattern and maintaining ground sped octwccn 
200-300 knots. The aircraft flew the pattern described by Figure 10. 
Initially approaching the Carter Cay area on its way from CP C3 to CP C8. 
the aircraft proeeeded to fly the pattern C8 to C7 to C6 to Carter Cay to 
D4 to D5 to Carter Cay to C5 and repealing for altitudes of 24, 000. 14,000. 
12.000 and 2000 feet. The transmitters were again located on Carter Cay. 
The frequencies monitored by the receiver at Vint Hill Farms Station were 
10. 167 and 15. 598 MHz. Detection was made at 1712Z on 10. 167 MHz and 
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AIRCRAFT SIGNATURES 

EVENT I - 19692 - 2006Z - 18 DECEMBER 1969 
BOUT 1 - VINT HILL FARMS STATION 


GEOMETRY 
SKETCH 
t - 2000Z 





COMPUTER 

GENERATED 

DOPPLER 
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at 15. 595 MHz as shown on Ki R urc 9. The propagation conditions l'or 
these events are summarized below: 


cN'JUH (lL 


Frequency 

(MHz) 


Carrier 
Level (dbw) 


Table 9. (U) 
Event 2 and 3 Summary 
Noise 


Level (dbw) 


Tx Power Detection 
(w) Time (Z) 


10.167 

15.595 


-112 

NA 


NA 

-145 


3000 

3000 


1712 

1653 


The signatures detected on this event represent the scattered and doppler 
shifted energy from the target aircraft during the time of close approach to 
Carter Cay. However, accurate doppler predictions have not yet been 
made due to the inexact knowledge of the flight path and the fact that the 
detections appear to be made during the end of the turning maneuver over 
Carter. The present doppler modelling for aircraft is being modified to 
handle out of plane maneuvers and from this improved model, accurate 
doppler matches will be possible. 

We observe from Figure 10 that the detections for both passes on 
Carter were slightly late with respect to the time that the aircraft indicates 
it was directly over the transmitter. The.e is a good possibility that the 
aircraft flew exactly over the transmitting antenna and thus was in the 
vertical pattern antenna null. Being in the null of the antenna explains the 
loss of signature for times over the transmitter. The signatures are 
detected at. the completions of the turning maneuvers over Carter Cay. 

' Signatures for both detected passes of the aircraft are almost identical 
in both timing and frequency. Thus, the frequency excursion, time 
correlation, nearness of the aircraft to the transmitter, radiated power from 
the Carter Cay transmitters, and the weak signature strength make the 
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Figure 9. 


Experimentally Collected Data (U). 
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mrnm 


identification of the signature a, “e Urge! P3D aircraft. The cer.clution ts 
that aircraft below ZK feet and within the predicted detectability rc g ,ons «n 
be detected using this buoy concept if sufficient power is transmit e 

r 

in this case). 


4. 3 (U) Event 

Event 4 was a hearability test, perform-) on 6 February at 1600 
and 1000 hours local, measuring the -propagation characteristic, from Carter 
Cay transmitters to the Vint Hill Farm. Station receiver. The purpose 
the hearability test was to determine how accurately present prediction 
t. hni,u,s correlate with measured value, and to estimate the hop structure. 
lor various frequencies. Test, were performed for two frequence. 10. .67 
and ZO. Z60 MHz and at two times during the day. It was found that for an 
assumed IE hop structure at 10. .67 MHz and an assumed IF hop structure 

at Z0.ZS0 MHz good agreement between predicted and observe 

levels was obtained. However, the noise prediction, were consistently 

«p v i - i ft The difference between 
lower titan measured values as shown in Table 10. The dt 

the predicted and observed noise levels is typically due to -o c 
interference which is significantly higher than atmospheric no,se. 

Table 10 (U) 

Comparison of Predicted and Observed Carrier and Noise Levels (O 

w Uhu, NoiBft (d 



1600 L 

loeoL 

Feb lfcOOL 
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4. 4 (U) Event 5. 

Event 5 was alto a hearability teat, performed on 16 Feb. at 1430 
local time, with the eame geometry and purpose as Event 4. Tests were 
performed for 5.8 and 9.259 MHt. As shown in Table 11, best correlation 
between measured and observed carrier levels was obtained for an ...umed 
2F hop structure at 5.8 MHz and an assumed IE hop structure at 9.259 MHz. 
As in Event 4 . the noise predictions were consistently lower than measured 
'values. The conclusions from Events 4 and 5 is that IE, IF and 2F appear 
to be the dominate hop structure, for 10. 20, ? MHz respectively. It is 
also cond uded from this limited data base that the propagation predietton 
is fairly accurate for predicting the received carrier levels, but due to high 
co-channel interference consistently predict, lower noise level, than are 
measured. 


Table 11. 


comparison of Predicted and Observed Carrier and Noise Levels <U) 


Frequency Assumed 
Date/Time (MHz) 


Feb. 1430L 5.8 

Feb. 1430L 
Feb. 14301- 9.259 

Feb. 1430L 


: e 
2F 
IE 
2F 


Transmitter 

Power 

?5w 

75w 

75w 

75w 


Carrier (dbw) 
Pred. Obs. 

-128. 2 -110 
-124.6 110 

- 93.2 - 95 

-104 - 95 


Noise (dbw) 
Pred, Obs. 

-160.3 -160 

-162. 3 -160 
-162.8 -139 

-162.8 -139 
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Section 5. 
SUMMARY (U) 



Th „ operations covered to date include both controUed »ircr»(t test, 
and hearability tests. The remainder of the operation, have no. been 
analyzed because all data on the events including flight path, and trane '^er 
power have not yet been collected at Sylvania for analysis. The most 
significant conclusion is from Event 2 which seem, to demonstrate that 
the buoy transmitter concept work, (with sufficient transmitter power). 

The predictions of carrier levels made for the hearability test, on 
5 February and 1C February seem to align rather well with measured 
values. Predictions of noise level is not a. successful, being consistently 
weaker than measured values. This is probably due to local interference and 
the assumption that the receiving site at VHFS is a "rural" man-made radto 
noise area. Identification of the receiver site a. a "suburban" area .. 
probably more accurate. This would raise the predicted noise level by 
approximately 20 db thus making it align with measured values much more 

closely. 
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Project AQUARIUS ie » part o( the Advanced Research Projects 
Agency <ARPA) sponsored ocean surveillance and tactical early w»rmng 
program under Project MAY BELL. The primary goal of Project MAY 
BELL viii to investigate the feasibility of detecting and tracking aircraft, 
missiles, and ships at over-the-horison diatances using high frequency 
(HF) monostatic and bi-static radars. Concepts using the basic geometric 
configurations shown in Figure 1-1 have been explored. The MAY BELL 
program emphasis has been directed towards determining the attenuation, 
clutter and propagation aspects that apply to concepts using surface waves 
and investigating the basic feasibility of detecting and tracking »« re raft and 
SLBM's for Fleet Air Defense (FAD) and Buoy Tactical Early Warning. 

Sylvania's primary effort, under Project AQUARIUS have been 
to determine the feasibility of: 

(1) detecting both submarine launched ballistic missiles 
(SLBMs) and aircraft using surface wave propagation to 
the target and sky wave propagation from the target to 
the receiver, and 

(2) providing detection and tracking information under 
electromagnetic control (EMCON) conditions for 

FAD using shore-based HF (CW) sources and shipboard 
receivers. 

Both analytical and experimental work have been accomplished to "rive at 
the conclusion, included in this report. The principal re.un. of the 
investigation are summarised in the remainder o. this section. re.ult. 
related to early warning (EW) system, and result, associated with Fleet 
Air Defense. The deUiled presentation is included in Sections 2 and 3. 
respectively. Based on these finding, recommendation, are made in 
Section 4 for subsequent experiment, and investigation, associated with 
aircraft tracking under EMCON condition, using a polyst.tic configuration. 

The concept, explored under Project AQUARIUS can be applied 
to tactical early warning system, employed against aircraft and aubmarine 
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launched ballistic missiles (Sl.BM.I and fleet air defense U ADI •»»««»« 
Ih“ t nlu ., cope with hostile aircraft and n.issiles under be, n .r.e.n.ly -m. 
enemy EMCON conditions. — 


O')* 


EARLY WARNING SYSTEM - SUMMARY. 


The early warning system configuration con.idered under Project 

AQUARIUS is depicted in Figure 1-2. It con.i.t. of low P^'^uoy.nd 
U„d ba.ed transmitter, that illuminate the target ten .trersft m 
a ground or surface wave. Target detection is * T \ c 

wav. reflection to a highly sensitive receiver In tt on «• «. L The 
„/ aw:- effort were to experimentally demonstrate tne 

doppler shifted signal from the moving «» fg ets - 

l.z.llo)^ Predicted D etection Pe r for mance . (U) 

^ Propagation calculi on s to predict system detection I 

using a modified version of the ESSA skywave propagation program ' « 

analyses were made for SLBMs and aircraft. 

A constant scattering cross section of 100 M* was assumed for 
th. SLBM a, aU altitude. bel^ 

above 0. 8. T * r j vHFS should provide low altitude 

the IF hop MUF between Carter Cay and VHFS, anouio prov* 

SLDM detections in the afternoon. ^ ^ . 
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System Parameter Consideration^. 


-While the experimental “ult. de.crib.d herein indicate the 

beeic feasibility oi the ground-wave/.ky-wave configuration. there remain. 
* „"ed f" additional inform., ion to de.ign . complete co.M.l -efen.,ve 
tyeltm! in particular, there are many parameter, that tnter-relate the 
ground -wave/ aky - wave mode that were not examined or te.ted tn 
during thia experiment. The.e include variation, in frequency path lo.a 
u£h time of day. aeaaon. etc. To perform an adequate d.aign of an earl, 
warning ayatem an examination of aix area. wa. required: 

(1) effective radiated power and aurface wave from a buoy 
mounted antenna, 

(2) aurface-wave losses to the target, 

(3) .cattering or reflection coefficient of the target. 

{4) aky-wave losses to the receiver. 


(5) effective noise 


at the receiver, and 


(6) receiver antenna gain. 

The.e area, were examined and the .pacific parameter, that “ co "‘ r ‘ bu, * h t ^ 

...... — 

Second, additional analyaia u.ing modeling experUnenta l, t ° 

#v o u .te the difference between backacatter and forward acatter target 

Lid an estimate of detection probability and false alarm rate. 


[ QQ'OC 

Mm \i 
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1 j ( t?) FLEET AIK DEFENSE. • SUMMAKY- 1U) .y 

' , n lieu of pursuing ~.|U- » 

tactical early warning ayatem. Sylvan, a w.a red, r.cte.1 

on the Fleet Air Defense (FAD) problem. I 

The detection of low-flying ^obUm 

sufficient to give uaeful warning * m aurvive. In detecting there I 

which mu.t be aolved if the aurf.ce » V „ y t0 u . e aimple direction 1 

threata the enemy must not be g, e PP^ u „ desirable that target 1 

finding techniques to locate fie £ d , h „ the fleet operate 1 

detection not require radiation from the fleet a I 

under complete electromagnetic control (EMCON). 1 

The feasibility of I using a ^rldjtk^ave^/ surf ace J ^^y^BELL I 

,o help aolve this problem ha. ; been e(J b .kywavea from 1 

zsu: szrsx ~ 

S™ -r.:; .= - * * •• 

below the line-of-aight radar horizon. I 

Experiments performed T Navy I 

baaed receiving atation th ' B( , u lum ln.tion provided by the MADRE 

P3B aircraft at a controlled targ • . itterSi located respectively I 

(pulse) and CHAPEL BELL (phase code) t to be feasible. For moat I 

in Maryland »»d Virginia. ^ 200 (e , t , and detection, were made I 

:l ^ngefaa* gta. a. IOO Kilometer. M from the receiver. 

Sylvania'a inve ‘ f “”,MUt“rf I 

The firat wai to examine the fe Y ^ (or FAD in the Mediterra- I 

nlaiTsea** The^econd^part c ^^^ ,t ^ b j e ^ 4I ^e«inm^nVatrona^f« ,l foffow-on 
( ^r^nTnU l» h e*the 0 n PP made r «oVeri fy th e Caching technique (Ltion <• «• _J 

l.J.lf(j|pP Pntv.tatic Sv -t.m De tection rea.ibilit jk (U) 

y ' - ~ .a emnlovi HF broadcatt tranamittera 

The polyatatic radar eye cm Fiaure 1-4) wae examined to 

of opportunity and a ahipbome reeei *** illuminating airborne threata to the 

eVthat'a^ahipbonie deceive r can be employed to detect the targe, 


\3ViUUV0Uii lul) 
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— — — "tv ■- ut Lid v constrained lhe 

over -the* hoi it on IOTHI t»n K .t. T ‘“* •*“, 1 ' mlntd ,o determine the effect... 
Mediterranean region. The *® urc * iou , direction*. .apecially over * * 

radiated power of the tran.m.tter jn v.r operating .chedule of 

Mediterranean Sea. the from ‘he tr.n.mitter to the target, 

the transmitter. Propig etry an d losses from the target to t e 

lo.a doe to the aeattertng Beom«trV* d ed deUe t.bHity region.. Jhe 

receiver were examined to determtn P ^ , de efficient coverage 

re.ult* Indicate that the .ource the Mediterranean Sea »ome o 

for the fleet over approximately one h “ ' other .ource. with different 

the time. More study is needed to e the „ clock coverage. The large 

transmission schedules * ^ve not yet been evaluated and tentative 

number of Known transmitters tha #chedu les appear to be sufficient to 

knowledge of their charnct.n.tlc. and h indicate that detection 

s ->••• s,t, “ ’• 1 


1 . 3.2 


i-)' 


Tarpet Location Mcthodj».. 


— TO provide track*.* Tarnation ^^^^U'reTou.ly 

technique, u.ing the b»«ic poly.tattc con »g“r f e *t) and aurtace-wave 

l.« examined. For low-flying ^Xup^thThlocation e.timation problem 

propagation for the target-receiver h.M^th. «« ModeU for location 

can^be ccn.idered to be a t - , two-tranamitter. one- 

e.timation were developed for ,hre * t f Btinitte r. one-receiver (.mgle 
receiver (double ba.eline) ea.e, * ' ® one-receiver ea.e (doppler loeat.on 
■ ba.eline) case, and a four tr “‘”ca.e ’»wo technique. were developed, one »n 
finder). For the double ba.eline c ** _ m . de mt two different tune 

which azimuthal and doppler me**" d ?o . iing l e , e t of mea.ure- 

point. for each ba.e tne X * *!' .ingl« beeline ca.c » third technique 
menu for each baa.toe. For mel , urerntJlt . *a. developed, 

requiring two aet. of , « receiver caae. four doppler measurement. 

For the four-tran.mil of t » rg *t range and azimuth. Section . 

:”tr^V°d. P t r aU«d-.Tcrlption of the technique.. 



1 

J 


\\m r KQQfprn 
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Error Analysis 


“ A detailed error analysis wa> conducted o( three ot the four 

techniuue. Thi. effort excluded on examination of the fret tecnms- 
(doubleb aseline, doub.e measurement, because the other techn,t,ue. are 
simpler to implement. 

For the double baseline, single measurement technique “ 1 “ ,. 

shown ..‘om.,;^ 

circumstance*, xt x* lairxy * / or approximations 

Both bias and random error, ar.se because of the need I for • »PPr 

- - •- I 

15 percent of the true range can be achieved. 

Birsr- 

Th. .... «.h .h. ....... 

sc" 

.re distributed .t the corner, of » square e.nU in no 

.r t. ' 

^eV^hHipWr' , e ^u!»Xd«Tc e r,u7 then the location accuracies 
are quite good. 

anal,, 

P T ‘V ta o‘r :»mTe h ETCT' 

tran"m*tUr^receiver^geometry U Uie Appier ^may be^useVwtth*** 

rang, and asimuth from four dopplcr measurement, may be u«d 
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1.4 


it 


~ z 717 ^^ FAD investigations recommended, based on the 

reeults of t'hU aiu'dy »e .0 evaluate « refine 

poly static ey.«.m for fleet operation, n other , igMt «r« 

location technique^. end ~ ^ «7rt U needed ,0 identify 

di.criminat.on problem. Tl he .0 when the fleet operate. >n 

transmitters to be used ' ° VJ* t , rget location technique refinement etudy 1 . 
other .r... of the world. The target loc # e „ mln .d under Project 

intended to employ the «■“»»• h ‘ urge* location ey.tem that will 

AQUARIUS for the development of a hy ^ fl#ft operating geometries, 

perform •»ti»f*ctonly t ♦-rhnioues to develop a composite 

The etudy ehould incorporate 1 ■ ' ° ur relocation estimation accuracy to 
method for reducing the ■•»•>»«* ' * 1 “'S. ~P« rimental test, that are 

— zszzzxrzj™* - ‘ h “ the ” fin * d 

target location techniques can be tested. 

T h* m t U To P !he*US FUe't m^VoTsU^uiVhthtm ‘wmoier aircraft, 
to identify threats to the US Fleet methods to efficiently discard 

-r «r^r;r^U hoatue need, to be conducted. 

A more detailed description of these recommendation, i. included 
in Section 4. _ 
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Section 2 

EARLY WARNING SYSTEMS 

iLSS?« ! 

figuration considered for J ranimitte r. that illuminate the t.rgct Ian 

low power HF buoy and Xan - Uce wav e and a highly sensitive recejv 

aircraft or SLBM) via * R ro « n ,kv-wave target reflection from the 

er located on the coast that detec h ^ |0 experi mentally demonstrate 

target. The primary goal. _ of this e»o fl t aircra ft and to compare 

the feasibility of detecting ^oth SLBM ^ ^ th J Ttii c*\ly predicted dctec- 

the experimentally ob.erv inve.tigation wee divided into three 

tion range.. The e.rly warning ay.tem inve.ttgati 

parte: 

. a predicted detection performance evaluation, 

detection ranges, and 

c . evaluation of e.rly warning ay.tem parameter, for de.ign. 

. .. th . following subsection, (Sections 2.2 and 

These efforts are de *^ efforts are contained in Section 2.4. 1 

2.3). The conclusions of these euon — m— — — 

” pp rmCTED n rTECT ION PERFORMANCE. (U) 

ance u.lng a modified ve*. on ® m ,de for both the direct and the .catter 
(de.cribed in Appendix A) * Station and the buoy tran.- 

path. between the receiver alte at Vm HUi caleul .tion. wa. to e.ti- 

mitter. off the Florida coa.t. T *' „* Lunching. from Cape Kennedy 

mate the fea.ibUity of detecting S ra , oI 100, 200 and 100 km 

and controlled * l * er ^. t V*g*J|,jJeay tran.mitter. The geometry and param- 
f .t°.r. w?r e « *Tct ;.d“ provide theoretically predicted detection range, for 
comparison with experimental results. 
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f nr: 
If. ..I / v- ■ 

UiWwKVL . 


Missile not lVrfwrmanrc. (U) 


— ; evcra l set. of calculi using 

performed. The wilh an ... umTd maximum pain uf It dfai. 

U a tulip element LDAA Wit by 1 assumed for the missile at 

A constant scattering cross acetton of *°° ,„ 0 km the b i, ta tie cross section 

.11 altitudes below 100 km. At a 1 “ d arn bient shock surface. The 

was modelled using a hyperboloid c P altitude to values of 

Assumed cross section then transmitter location, are at 100. 

10 4 to 10 6 m a above 100 km. The 10& . Cape Kennedy launch *xi- 

200 and 300 km dire cUy downing approximately 285 km down range 

muth. The Carter Cay T he transmitted frequencies for the 

at a 123* aalmuth from Cape Kennedy. d 9,295 MHz. These fre- 

buoys were the presently assigned were assumed for the Carter Cay 

quencies. plus frequencies of a transmitting power of 100 

transmitters. The buoy, were »••»"«* Cay transmitter, were 

antennas. 

Because of the low power and relatively 

transmitters, the target signal -to-nd.e rai * f ^ day for cither fre- 

gible when the target is below 100 km i V cross #cctio n does there 

quency. Only above 100 km t * rgct detection using the buoy trans- 

appear to be any «»**“"»£ t cltUT Cay transmitter using 3 kw and transmst; 
mitters. However, with the Carter^ :y^ ^ T , We g_, the .ign.ture-to-no.se 
ting on frequencies near the MU eveT1 low altitude. ■* quite sub- 

ratio and thus the probability ©! detect! the , lgn .i-to-noi.e ratio 

operateand transmit in the afternoon should be possibly 


! (0) T.„ tc? - » z-,:r. 

Kennedy is quite low (due ‘° ‘j'/^Vhel or not aircraft flying controlled pst- 
get) it is important to determin fce deteet ed. A way to evaluate this 

terns near the buoy, and Cjtrtwr < u Y te eomp ute expected detection region, 
and to dearly display the re.dt. mu(t be considered when cal - 

.round the transmitter P° ,itlo "‘ utie geometry, frequency, transmitter 

Srri' irassr - 

SiS.’S'iS - 


Aircraft D etection ATeas^. 
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^srs a’s^ss s 

P . vHFS Vireinia. a* the receiver. A *ea aiaxe 

«. the tr.n.rmtt.r .nd I VHFS Virgin. . Jon trom trm „. mi tter to 

transmitter power of 50 watts, g receiver and a required signal- 

target and sky-wave propagation from target to receiver ana S 

to-noise ratio of 3 db have been assumed. 

The following tecW q ue l. .ppli.d to find 
From the bistatic radar equations*, the total po 
is: 


where: 


s 


C 

X 


p . p = L 4 L-4 L- - G - c - 10 log 
F T R T R s T K 

power transmitted; 
power received; 

loss over transmitter half path, T: 
loss over receiver half path, R; 
system los s ; 

gain of transmitter antenna; 

1 

gain of receiver antenna; 

target cross-section (meters); and 

wavelength (meters). ^ 


4 no 
X' 


the noise level at the receiver. 


.SeeSkolnik. MermT.. Introdnrtion to Radar SyeteTnij McGr.w-HiU Booh 
Company. Inc.. New York. New York, 1955. 


u 


, n t. r^.r?r|fTi 

•jil 


Z-4 




»-z cy) 



P = N Ot)b 
R 


L - p t- p r 


L s P T - N - 3 db 


Substituting equation (2-3) into equation (2-1) and solving for 4 L R . 
rerults in: 

L T +L R* P T- N - 3 ' L S +C T +C R + ,01 ° g ^ • (Z ''" 

Equation (2-4) provides an expre.iion for calculating the total allowable . caller 
path loss between a transmitter and receiver while still mamtaimng sufficient 
signal strength to detect the target. Using different values for D layer loss 
and sky-wave propagation over the transmitter-target half path. O s 100 m , 
and the appropriate transmitter/receiver gain parameters, the maximum loss 
associated with the target-receiver half path (L R ) can be obtained for various 
conditions. These L losses can be converted to receiver-target ranges using 
Barrick’e loss tables* and the detection regions can be obtained. This tech- 
nique was used to calculate the detection area around the transmitter for vari- 
ous frequencies and atmospheric noise conditions. The results of the detection 
area calculations are tabulated in Table 2-2 and a vertical projection of some 
of the regions onto the ground is shown in Figure 2-1. The reason for the 
ece-like shape is that the area boundary is the locus of points such that the 
product RjRg U equal to a constant (see Section 3. 1. 3 for a more details 
description of the evaluation method). 

Referring to Figure 2-1 we see that the largest area of detection is 
for 2F hop cases for both 5. 8 and 9-259 MHi, as compared to the IE hop 
situation. This is because there is substantially less D-layer loss for the 2F 
hop mode than the IE hop mode due primarily to the different path lengths 
the D-region itself. With higher modes the incident angle through the D-layer 
is higher, thus the loss on these paths due to D-layer absorption is smaller. ^ 

• Barrick, D. E. , "Theory of Ground -Wave Propagation Across a Rough Sea 
at VHF/UHF", Battelle Memorial Institute. Draft Report (1970). 
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Figure 2-1. (U) Detection Region* (U). 
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“for the 2F hop - 0 f*V hC t r ' g h l e 0 Uc‘« rV.u" 

:♦«: r s 

quency al*o result* in the larger detach ^ j th thc p-layer luss *1 

-;„r^ — •• - 

lower frequency. 

From Table 2-2 we see that 

ere... with incMMi^ IMV* ^ d|B g , oMM over the lran .mittcr 

increase# to approximate y decreasing D-layer loss and decreasing 

target half path cancel 1 e e , . detectability region virtually atop* 

atmospheric noi.e ao that the same at 15 and 20 
Note that the detectable radti ( >) PP fe d that varying transmitter 

sr ■■■■• 

equation in the »ame way. - 
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2.2 


(o) 

\»y 


DETECTION exp eriment. 
General. 


on 


(U) 


bue to the natute au'iTHTT ^rV^cl' 

mental data were coUected by using .‘hardware developed for other program*. 
MAY BELL participant, or by “» 1 "* h * CtrUr Cay u.ed in these tests. were 
Both the buoy and the CW transm. which Raytheon wit conducting, 

•lao used for the ground-wave ™“ ,Ur "T he US ASA field Station located at Vint 
2? vUgSl*. and^conMMed of a linear di.po.ed antenna array 

^ multichannel HF receiving and recording equipment. 

in the description - 

geometry VrVdi » cu a » e d . The re.ult. of the 
experiment are then presented. ■ 


2.2.2(a) 

— 1 t— . ««...» 

"• - 
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Transmitter Characteristic#, 


<U) 


3 


1 1 r : rt\ |.fy.?;ir r i -i 

if-! toMral 


1.1 V)* 


. . Continued. 


. ~ of r top-loaded vertical monupolc cut for a 

antenna on the buoy cun.iat. uf t P anchored off the coast of 

quarter wavclens* »t 7. 5 MHz. This buoy «•« an fctiTnuth jm 

Florida approximately 120 UstsTon ducted in January and February 

degrees from Cape Kenne y. _ . Cav. The power of these CV* 

mo. u.ed the CW * T, " , ^ t , e 0 r 0 ’ J“ tt , up to J Kilowatt* depending upon time 
transmissions range these transmissions radiate 

£ S.EEE veVtical'monopole* e£ Ion the frequency in u.e. 


^ ^ Rereiver Site rh*Taeteri»tic*_. 


Two separate receding ay*.em* were "Vl^.^Led 
located at Vint Hill ^^^.^Um ^.i^ng aynth.ais.r controlled 

high dynamic range digital proce. mg T. , n aly»i** u.ing a 

receiver* (Sylvania R-Z7A receiver ’’ d E beth ^alog and digital PCM recording 
CDC 1700 general -purpose comp located in two bacK-to-bach houae 

capability. The .econd receiver .y.temi.^oca.e ^ #tew>bl . bemm 

trailers, and conaista of a D . el , u ,ing R390A receivers. The R390A 

antenna and 1Z receiving Spectral display and a 1Z channel 

"LTtVpe' rTcorde° r . °Th, blocK diagram, of the*, two receiving .y.tem. are 
shown in Figures 2-2 *^d 2-3. — 


2.Z.4(0)' 


Receiver System Calibration. 


One important goU^ tbi. project i. *0 be ***£• 

performance of the buoy tactical early warni g y , ured d .ta. Then, if 



referenced to a 1 -Herts b.«a«.dth. J h « * rlng the rec .lv«r IF output 

carrier strength wa. a almple proe« a «« of^omp*^ ^ outpnJ , level « h e» 
signal level when it wa. e °^' Ct , lhetUer having the same HF frequency a. 

t --- irr ■- 1 ,,i “ - 

« Digital Spe.trum -ASly.uTot available after January. 1970. due to termin- 
ation of the computer lea.e. ^.e-.r-Fi 
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Continued. 


s^»-- 

mea.ured within the narrow IF receiver b.ndwtdth. 

The determination of the nolle level •**”’“ *"*’** [^" 0 frequency 

wan done by AM modolating^he “"‘rcent af e module lion . The amplitude of 
•quare wave using a very p lbl outpu , c f the real-time npcctrum 

these modulation tone* obtt Wll t hen reduced until the 

analysis display. The modl ‘^°” P baek * nd noise of the display. Because 
modulation tone. d>. appear into the ba * db belov . the 

the modulation percentage U we. 1 Ha. the relative carrier- 

carrier and the npeetnjm ana y eference d to a 1 H: bandwidth. Thun, 

to-noise power was directly obta ' e mt # level of db below the 

if the calibration tone dinappeare below the carrier 

C L rrier Vbi. W nrVi:n:tnre‘»tr::.t:: .Ubtr.cted from the received 
carrur ntrength to obtain the me.nured noi.e power in dbw per Ha. 


2.2.5 




Results of Experiment. 


(U) 


the bi.tatic configuration., end suli0 n receiver. The two 

~ - «■ 

tively. The network geometry is ahoun in Figure 

»• vrssi: :rr;s.,-. 

The propagation condition, are .ummarieed below- 

RF: 5,BMHt 

Transmitter Powers 10 W. 

Carrier Level: -92 dbw 

Calc^atVd^e'eeti^n 'radii: Ihm.lE Hop,. 6 km », Hop, 
.The 10-w„t buoy Tran.mittcr wa. built after the anrly.i. u.lng the 100-w.tt 
value w as completed. 2-12 • 











The detected signature is not considered to be the P3B test aircraft, but an 
aircraft flying near the receiver at VHFS. The predicted detectability 
region for this day extends at best only to ) 1 km. The P2B's closest approach 
to the buoy is only 30 km. Also, the period of the first Doppler signature's 
sign change occurs 2. 8 minutes earlier than the predicted closest approach. 

In addition, the Doppler signatures obtained (although consistent with those for 
m aircraft) were much stronger than could be expected from the test aircraft 
using a 10-watt transmitter to illuminate the target. Therefore, because of 
inconsistent timing the distances of aircraft from the transmitter and receiver, 
and the strength of the detected signatures using a 10-watt transmitter, it is 
concluded that the detected signatures were not the P3B test aircraft, but 
rather another aircraft flying over the receiving antenna. 

The second event on January 27, 1970, employed the 3 kw Carter 
Cay transmitter and a P3B test night at a speed between 200-300 knots. The 
aircraft flew the pattern shown in Figure 2-5 at successive altitudes of 24,000, 
14,000, 12,000, and 2,000 feet. The propagation conditions are summarised 
below: 


XMTR Power (watts) 


Receiving 
Antenna Gain (db) 


Noise Level (dbw) 


The detections for the first and second passes of the aircraft near 
the transmitter at 15.595 MHi and 10.167 MHr, respectively, are shown in 
Figure 2-3. The predicted detection regions for these frequencies are also 
included in the figure for comparison. The experimental data generally agree 
with the predicted results except that the detections are expected sooner 
during the flight. The lack of a signature during aircraft flight at high alti- 
tudes (e. g. , 20, 000 ft. ) over the Carter Cay transmitter may be attributed 
to aircraft flight in the vertical null of the antenna. Both signatures were 
obtained for aircraft flight below 2, 000 feet. Therefore, It can be concluded 
that aircraft detection below this altitude and within the predicted detectability 
regions can be detected using the buoy concept if sufficient power is trans- 
mitted (e.g., 3 kw). 






The conclu.ion. derived from the e»rly w.rning .y.tem »tudy »re: 


ft. 


Detection of SLBMs ftt altitude* below 100 km is unlikely 
using buoy transmitter* with 100 watts or les*. a 
landbased receiving system for the network geometry 
shown in Figure 1-3. However, with the missile »t 
altitudes above 100 km (at which the missile radar cross 
section is enhanced) detection appears possible. 

b For buoy (or landbased) transmitter* with 3 kw power 

and transmitting near the MUF, SLBM detection is 
probable for the network geometry in Figure 1-3 at 
both low and high altitudes. 

c. Aircraft detection regions can be estimated with fair 

accuracy because the experimental result* generally 
agree with the predicted results. Using a 3 kw trans- 
mitter (Carter Cay) aircraft can be detected at distances 
as great as 60 km with a receiving site at VHFS. 

The coi.clu.ioi>. indict, that it i. ba.iclly poclble to detect .ir- 

transmitter -target-detection geometries. 
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Section 3 

FLEET AIR DEF ENSE _ 

(y) The detection of low-flying ,hre * t * ** *“ ijjormatf on '• » problem 
.ufficient to five u.eftJ warning time “ d pJ* yetame can oiler a eolution. 

for Which ov.r-th.-horttond^«ct.onJonD*y^ ^ „ pecially de.irablc 

A poly.t.tie .y.tem .ueh .. P" tr *^ Uf £ e , or flee, air defence (FAD) 
becau.e it not only provide' • *«» provide, the detection inlor- 

by detecting target, at long range., " , * thc n „ t . Thu., the enemy 

protect the fleet in the Mediterranean S • u exUt( * n d receivers 

examined for transmitters of ©PP°r U ™ * ating schedules o£ the transmitter 
located in the fleet. In a 1 l ° n ' ^ degree of Z4 hour coverage possible, 

.ource. were e , tig » U on de.cribe. target location method. 

The aecond part ol the FAD lnve..ig eonliguration. Equation, 

that can be employed u.ing the ba P ^ ^ urg( , 8 t rangt ea „ be e.timated 
• re derived lor each techniq thlrlj par t i. the result, ol an 

using measured and known parameters. feasible. The 

error analysis of those target loC ^ ere discussed. The 

bia. and random error. ‘t^cralt detection .y.tem 

fourth part de.cr.be. * he dt,i ^ / bed P for experi mental verification of poly - 
evaluation to .elect the parameter, for the final 

system design. ■ 


POLYSTATIC PVSTEM DETECTION FEASIBILITY-- <U) 




General. 


” ‘ The poly.tatic ^ 'ZXZZZEZ' 

of opportunity for illuminating t *’* t g .ignature. The detectability 
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3.1.1 -- Continued. * — . 

and also between the target and the ahipborne receiver. The second consists 
of sky-wave propagation between the transmitter and the target and ground- 
wave propagation between the target and receiver. These two type* arc 
denoted as ground-ground and sky-ground modes, respectively. 


i; 

L 

13 

0 

c 

D 

n 

L* 
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To accomplish this feasibility study the efforts considered throe 
aspects: source availability, the operating schedules of sources, and the 
coverage provided by available sources. Thes^ are described below. 


3.1.2 Available Transmitters . (U) 


the transmitters were categorised into two groups based on the 
polarisation of their radiated signals. Horisontally polarised signals were 
considered for sky-wave propagation only on the transmitter-target half path 
since the attenuation of the horisontal component of a ground-wave over sea 
water is very large. The vertically polarised signals, on the other hand, 
were considered for both sky-wave and ground-wave propagation for the 
tranamitter -target half path. 

Table 3-1 lists some of the transmitters in the immediate vicinity 
of the Mediterranean which have been evaluated along with transmitter 
location, selected frequencies, transmitter power, beam information and 
polarisation. The locations of the transmitters are displayed in Figure 3-2. 

Transmitter acheduling is also an important factor in the evaluation 
of these transmitters. Historical records of scheduling were examined along 
with current information from FBE to determine the schedules for each 
transmitter. Figure 3-3 shows the scheduling for the transmitters in Figure 
j_2. Transmitters are available around the clock for coverage of some areas 
of the Mediterranean, but more sources must be located to provide complete 
around-the-clock coverage of the Mediterranean. 


3. 1.3(0)^ Coverage* (U) 


Figure 3-4 illustrates the geometry for a bistatie radar detection. 
Several requirements must be satisfied in order to make a detection. First, 
the received scatter path signal, T-R, must be above the noise level present 
at the receiver. Second, the direct path signal must be received. (In the 
case of transmitters with sufficient frequency stability, a synthesUer signal 
can be used where the direct path signal cannot be received. ) Third, the ratio 
of the dirct path to scatter path slgnala must fall within the dynamic range 
limitations of the receiver. 
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available to the fleet. For ' ^ .‘ chaRe bylTSA ESSA*. For ground — 

Fleur. >■> •>— » '“T* f 

particular table ia for 7 MH«, Sea ~ uf c , ch of these parameters is 
the upwind-downwind direction. rougher aea state increase 

that increasing frequency inert ‘ di « ctlo n has l«s. *•» ' 

th- loss, and propagatton in a ero 
downwind propagation. 

For organisation ease. the /?*dw*dually* o determine the amount 

of Voverage”protection afforded to positions 

fo^rfXret«^ e ."t r em P wa. feasible. 


(U) r.i ouno ^ — ^ 

For the case in polarised 


target cross-section O 


100 M a *. 


n =0 db; 
R 


C 1 

N « -150 dbw a*.d -170 dbw; 

frequency- -7 MHi, 
system loss Lg e ^ ^ 


et * 1 , Predicting Long-Term ^^^^sA^echnical 

* Barghousen, A. F, ' e Telecommunication System , 

°f High Department ol Commerce; May 
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Thf two nolle levels .elected since it is low enough 

of the receiver. Tne frequency o d hiE h enouph to have reasonably 

to provide- rcasonable pround ; wave lo..esjnd lhe Tt , itm of 

Low noise levels for the detection o thc shipboard receivers 

coverage provided by this propaga ion _ ^ with thit assumption, 

were assumed to be 200 km from t e Ca8gini) was constructed around 

a contour of constant sensitivity I l va the region of detectability of 

...... »-• - »• 

Ocean. 


Sky Wave-Cround Wave Propagation, 


<U) 


3.1. 3.3 (U) 

For ..eh of thc fiv. area. m the 

predictions were made foe t£n by »«• ot * i 8 h » * nd on * F ' h ° P 
eky-wave propagation. Target il but hop structures with more 

propagation is feasible for much loss over the 

than 1 F-hop for the date and time * protection. Noise calculations 

transmitter half path to afford any p , s SeFtcmb .r 1970 at 0800Z 
and propagation condition, were calculated for , 

(N = *165 dbw). 
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abUity for each tr. nitter * eC . estimate of the protection provided 
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signal. Any receiver within these distance* from the aircraft should be able 
to detect the aircraft. Figure 3-7 illustrates this example. In this example 
the shipboard receiver located at 38N, OE, would delect the aircraft on the 
Algiers frequency, but not on the frequency from Madrid. As the aircraft 
closed on the ship, the Madrid frequency would also make a detection. 

Using these methods to evaluate the coverage for each area, the 
following results were found (see Figure 3-8). For area one, transmitters 
located at Lisbon, Madrid. Tangier, and Algiers were evaluated for the 
receiver and target position given in the example. The transmitters affor e 
protection at distances from this aircraft of 10. 20. 70, and 205 km. respec- 
tively. 

For area 2, transmitters located at Algiers and Rome were eval- 
uated for two different ship positions. Algiers provided detectability at 
70 km from the aircraft while Rome provided detectability at 100 km. 

For area 3, transmitters were evaluated at Caltanessetta, Alma 
Ata. Rome, Tunis, Tirane, and Tripoli. Tripoli provided the greatest 
detection range at 80 km with Rome and Tirane giving 50 km detection range. 

For areas 4 and 5, the greatest detection range for the transmitters 
evaluated was 100 km in each case. 

In addition to the transmitters evaluated, a great number of pos- 
sible transmitters at other locations still remain to be evaluated around the 
cot of the Mediterranean. Table 3-2 is a partial listing of these locations. 
Transmitters with power as low as 1 kw can be used for line-of-sight cover- 
age along the coast and IF hop propagation into the interior of the sea. 
Development of these sources is necessary for round-the-clock coverage 
as well as multiple channel coverage (i.e., on several transmitter frequencies) 
of | ship at any point in the Mediterranean. 

The conclusion that can be drawn from this analysis is that the use 
of transmitters of opportunity as part of a polystatic HF radar system is 
feasible for FAD in the Mediterranean Sea. However, before a system is 
implemented, there i. . need to evaluate the transmitter 

not been examined to identify the .peeifie tran.mlttera that ahould be employed 
by the fleet during operation in different areas of the Mediterranean Sea. 
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Table 3-2 

(U) Additional Transmitters (U) 


Malaga, Spain 

Tobruk, Lybia 

Cartagena, Spain 

Beida, Lybia 

Valencia, Spain 

Bengazl, Lybia 

Barcelona, Spain 

Annaba, Tunesia 

Marseille, France* 

Safaqis, Tunesia 

Nice, France 

Oran, Algeria 

Pisa, Italy 

Melilla, Morroco 

Naples, Italy 

Balearic Island 

Izmir, Turkey 

Corsica 

Eatakia, Syria 

Sardinia 

Port Said, TJAR 

Crete 

Alexandria, UAR 

Cyprus 
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target location METHODS,. (U) 


— - - 

tuh” »hVre^ I” "on motli^ » h ^» »^** i, ' Vn * 

shipboard reception. The targe. ^ d wlth CW -Doppler 

appear to eliminate two fundamental problems a.socia 

biatatic radar: 

, Target .ign.l amplitude. give, no indication of 

the target is near the transmitter or the receding ship 
because the bi.tatic radar range equation >■ *Y™™ tr,c 
about the tran.mittcr-target and receiver-target range . 

h Single Doppler measurement. alone cannot provide 

b ' unambiguous target location aince single Doppler 

measurement, hav. a fourfold location ambiguity caused 
by the geometric symmetry between the transmitter, 
receiver and tar;et. 

Four separate derivation, are given describing 
may be u.ed to lo/.te and .rack low-flying target -^^^"Vtion'that 

^ r.U — - —■ 

missiles. The four techniques ere: 

the double baseline, double measurement range estimator, 
the double baseline, single measurement range estimator. 

the single baseline, double measurement range estimator, 
and 


b. 

c. 


d. the Doppler location finder. 


:::r: ’ 

returns and their "Y*'* 1 ®"* ® ' Eight measurement, are employed to 

riong the target's “l“‘”^ et .°^ r the second method (double baseline, .ingl* 
estimate the target's location. For * essentially made using the two 

measurement range estimator) the e.Umat. is^ssent IWy „ one 

Doppler returns and their assoc baseline double measurement range 
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Figure 3*9 (U). Double>Be«elUe.Two-Mee*ureinenl* 
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• • Continued, 


and a single transmitter source to e.tim.te the Urge* s range. This method 
which uses the eonfigurstion in Figure 3-11, Is operationally preferred to the 
Ars-we because of the need for fewer measurement, and transmitter sources. 
The fourth technique (Doppler location finder) employ, the 

from the target Illuminated by four transmitters to estimate both range and 
asimuth. All four techniques provide location information on the de 
target. 

The derivation of equation, for each of the four method, is included 


rwiM-wftitgline. Two-MetturemeoU Range Estimator. IU) 


Consider the single baseline, one time point aituation shown in 
Figure 3-12. where a vehicle it moving at an unknown velocity u, the distance 
between the tranrr.iitter and the receiver is assumed known to he D. and the 
transmitter is broadcasting on a known wavelength X. Tha arimutb angle of 
the urget at the r*-.eivt.r, a . and the Doppler ehift, if. are measured. 

Yhe ? ';?p!er nhil* Cor this geometry may U?. written as 


ti * - £ ( \ 4 *a ) 


- — (COS 4 COS $3 ) 


Angles and 6, can also be written; 
e* « 90 4 a ♦ l 

6 , - 90 4 8 - 6 . 


Therefore. 


• j (sin (a 4 6 ) 4 sin (8 - 6 )] 
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Figure 3-12. (U) 


Variable* for Double -B a .ellne, Two - 
Measurement* Model. (U) 
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3.2.1 (U) ZZ Continued. 

Also. 

-1 /»\ 


fi = tan' (-) 


1 . [ a 4 -1 1 a 

» T = tan DUno-a 

P * tan L 


U there are two transmitter geometries, which shall be disnn- 
guished u.iig aub.cripU. then the following three equation, can be ur.t.e . 


Af l * A j* in + * m 
U z = ^ |«*>« <° 2 + V 4 



t aj tan f*j ^ 

l) 

-1 

1 . fc, l 

tan | 

^ tan *, - a ,J 
/ a* tan <r, 1 

°1 

l 1) 

-1 i 

2 2 1 

1 - 6 > 

tdn 1 

lD 2 tan « 2 - * 2 j 

! 2 Ji 


(3-1 I 


(3-2) 


and 


6 2 » 6j + t 


(3-3) 


• , * „ n -i. between the two baselines, as shown in Figure 3-9. 

«: r vU«oV « "a E y be ctl/ulated bec.u.e the coordinate, of the two .re- 
mitter. an d the receiver, are ...umed known. 

u additional azimuth and Doppler mea.uremcnt. arc made f..r 

( . f all (J-4) 

Afj' a \ j.ln (», * 6,> + « ln |‘* B I^Tan o,' -a,>j * 6 jj 

Af 2 ' . ^ lain (° 2 ' < * 2 > + ,,n | un ( d , tan o^-a^ 6 g|| ° 
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3.2.1 (U) - - Continued. 


- v At 

cos 6j 

(3-6) 

• V At 

cos 6^ 

(3-7) 


The last two equations are a re 


suit of the constant velocity and 


direction ...umption, Ml .even equations c.n be combined into . .y..em 
four unknowns by eliminating 6 a from the equatio . 


of four equations in 
The results are: 


Af, = Fjtu. »j. 6 t > 

&f 2 • F 2 (v>. 6,' 


ii 


Af ' B F 3 (v», »jt ^ 


D 

B 

B 

- 0 
E 
0 
E 

r 

L 

L 


At, 


F 4 tw. 


V 


V 


where the F l( * ) -e «V a , 

The unknown* are . i • * . ^ < The quantitie* known » priori 

°re S' *D J ‘ X ^ As M , and c . The above set of simultaneous equations 
"* y be'.owid for the unknown, end the ground range from the receiver to 
the target could be calculated by 

*1 

P * sin fir* 

Although thi. procedure yield, four Independent equation, which 
fechnique?thi. fir.t target location technique will not be examined furthe . 
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J>2>2 (U, Double Celine. Onc-Mti .Ttm.i'l lUngc K.limatgr . JV 

The variable a for the double-ba.eline, ' model 

t£SS£ 2 T* w i s:; r’~ Si 

1 arc assumed known a priori. Tne arimuths, <*i • 

ihi'fta. At, and Ate . »« «>« only quantltie. requiring mca.urement. 

From another form of the Doppler equation, 


Afe = *7“ (P 4 V 

Af, = (p 4 
c *2 


where p = dp/dt and n. = dn/dt . 

From the law of cosines, 
n, r (p 2 + Dj 2 - ZpDj COF 

SO 

(p$> - pDj cos o l + pDj o 1 

®t C Z 2 a 1/2 ^ 

1 (P + D, - 2pDj cos Oj) 

where * dtti/dt 

Similarly 

(pp-pD, ec.Oj4 pD 2 ^.l»r,> 

i>, * — i — ? — ■ rr rrs 1 

2 (p 2 4 D 2 2 - Zpn 2 eo. « 2 » 

Note that Jr, . Jr, » lr . The quantity Of can be e.timated u.ing the pre 
vioua azimuth meaaurementa aa follow.: 

K(tl - o, <t-Atl] + r« 2 (‘» * “2 <‘- A0 3 

i « Hi 
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^ 2.2 (U) ZZ. Conti,nuct, ‘ 

No „ dclinc h, . q, . r,. and « follow.: 

, * J/Z 

h l r (pN^ . 2pD a *o £ 1,^ 


*1 * Af l X i 


T 1 * D 1 C " °1 


*1 S D 1 


. . . G r are similarly defined. Equations 1-8 

The quantities h 2 , qa. ^s» * 3 

and 3-9 can then be written as 


*1 - 


Pi> - t> » ps f 


*2 * 


pp - p r,+ p * 2 


So Si! can be written 

M 

Similarly 


At. 

Solving lor p* 


* ■ $ 


<*2*2. * I 

' < h 2 + P - *2* 
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(3-10) 


l. 


r. j 

li 

n 

Lj 

r . 

t: i 

I 

t * ; 

; . i 


i; i 

I:! 



1 


Unclassified 


3.2.2 (U) -- Continued. 


* qjhj e P hj + P (p*rj) + p dj 


-Iq, hj 4 p (hj - r j )] 


Equations (3-10) and (3-11 ) form a system of two equations in two 
unknowns (p and p) that may be solved using standard iterative techniques. 
Note also that, for this formulation, the assumption of constant velocity and 
directions are not necessary. * 

3.2.3 (U) Single Baseline Model. (U) 

The third derivation to be considered is that involving the model 
using only one transmitter. The variables for the single baseline model are 
defined in Figure 3-14. As before, the transmitter-receiver distance, D, 
and the transmitter wavelength, X , arc assumed known. The azimuths, o 
and o', and Doppler shifts Af and M' , are measured quantities where the 
primes signify measurement at some time At after the first (unprimed) 
measurements. The velocity 0, of the vehicle is not known. 

From the Doppler equation. 


t ■ (fc + n) 

V ■= Y <p' 4 h 1 ) 


From the law of cosines, 

u r (p 2 + D 2 - 2pD cos e) 


D cos a 4 pDft sin o) 

(p 2 4 D 2 - 2pD cos a) ,/2 
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3 2. 3 (Dl .. Continued. r 

Similarly, 

»■ * ?' n ,v ‘' n s i 

(p'* 4 D* - ?P' D c05 

ln or der ,o find . solution using only on. baseline. -PP»««- 
mations li.vc to be made 

(a) t> l* constant: l. c. . f = P and. furthermore. 

p • P’ • P At 

(b) b la constant; i.e. . 4' * o 

— 

• - 0< z ° 

... ..H.« .... » »• >• »« •» ■ 

toward or away from the »hip. 

rombinine the equation, and approximations above give. 


•AfX e -q * i> + fr (n-r) 4 

h 

where 

q S All 

r e D cob a 

• e D b a In o 

7 2 J/2 

h « (pSD • 2pD COB a) 
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3,2.3 (U) * -- Continued, 

Substituting p = p’ - p At, squaring to eliminate square roots and algebraic 
manipulation of the results yields the cubic equation 


Ap> 

4 Bp* - 

Cp 4 

D = 0 

13-121 

A e 

2At 2 (q 

-si 



B = 

A . 2 # 2 
M (q 

-s 2 )4 

At (4qr-4qpM 4 

2sAt (2p’-r) 4 D 2 - r 2 

C = 

M (2q 2 ; 

r-2q 2 

p'42p*s 2 ) 4 2p' 2 

(q-sl + 2p'r (s-2q) 4 2qD 2 

D = 

p (q ■ 

, 2 )4 

q 2 (D 2 -2p'r) 



This cubic equation can be solved for p and the correct root chosen. Also 
note that p is still a function of the single unknown pV 

In similar fashion. 

Af = — - (p'* n*) 


AfX e -q' 


j >+ ± £ s' 


Where h', q', r* and s' are defined similarly to h, q* r and s. 
Now 

-q' V - (h'-r*) = p* (fc>4-*') 


or 

-o' V - b (h’-rM 
p * ; , 

V P •' 


(3.13) 


Equations (3-12) and (3-13) form a set of simultaneous equations in the two 
unknowns p' and p which may be solved for the target position. 
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Dopulcr Location Finder (DLF). (U) 


mSsSSSS* 

- be » ing informs,ion - 

The variable. for the DLF .r • 

mitter -receiver dl,Un “‘* D ‘ * ,,‘,'^ed known * priori. The angles. 

lengths, X t , *»• bv the reference be.eline with the trensm»tter- 

S,, 6s. 6 S , and B 4 . formed by the reieren mefciUred quantities 

receiver ere also assumed known a P • . variables estimated 

are the Doppler shifts, M s , s. * ’ range velocity, p. and bear- 

^srs;»rs. ajs aw r 

::uS".r ".wViV.“i.. »< »... .«—> 

From the Doppler equation: 


*f. * - 7- <P 4 fy 


dn^/dt , i = 1, 2, 3. ^ 


From the law of cosines, 

n t - Ip’ + Dj’- JpDiCOstOt + 8 t » 

ao 

[p j, - p D, co. (a 4 e,)4pD i «r.in(a*yl 
"l * [p* + D*- 2 pD t cos (Or + 8^)1 

Thus, from (J-M) and (»-»*> « “ n k * ,een ,h “ 
tl { ■ h (P. «• P« tt ! D i* B i* X i * 

where h is * function of the argument parameters. 
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3.2.4 (11) -- Continued. r 

The desired parameter, (p. o. P. and b I can therefore be estimated by ti..- 
solution of the following system of equations. 


Ll x * 

h(p, a, p. a: 

D u B u M 


biz * 

h(p. or, *p, i»: 

d ? , e ? , x 3 j 

(3-17) 

LI, = 

h(p, a, p. a; 

Dy, ? 3 , M 


U A * 

h(p» a, p. or; 

D 4 , e 4 . X 4 ) . 



This system of equation, can be solved using standard > treat, ve 
methods. Unlike the other techniques discussed, th.s method is 
stantaneous; the estimate at one point in time requires no previous i ™ ,o 
ments. Also, the equation, are exact; they require no assumptions 
the constancy of p or a . 

The Doppler Location Finder can thus estimate target range and 
bearing using only Doppler frequency measurements. 

3.3 (U) ERROR ANALYSIS^ (U) 

The target location estimation techniques discussed in Section 3.2 
result in two kind, of errors. One is a bias in the estimate that 
because of one or more approximations that are employed in the tec^.que. 
This is a systematic error that can, in some cases, be minimited by 
orocessing! The second kind of error arises because the inputs needed 
the estimate involve measurements that contain random «”°r«. _*** 

kinds of error, generally limit the accuracy of an estimation technique. 

j„ Section. 3.3.1 through 3. 3. 3 the error expression, for both 
kinds of errors are derived for: 

a. the double baseline, single measurement range estimator. 

the single baseline, double i 
and 

c. the Doppler location finder. 

Some assumption, on independence of error source. have been nad*. 
Section 3.4 the several other possible sources of error that do not sigmfi 
cantly alter the estimate are described. 
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b. the Jingle baseline, double measurement range estimator, 

and 
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Figure ,-IS. (U, V.ri.We. for Doppier Location Finder. <U) 
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3.3.1 


<U> 


- aiaj. »r 

Ranee Estimator. (U I 


The range. eatlmate given by th ' D °" the mct , urc d value, of target 
ment technique (Section 5- 2 - 2 > u * * Cn ,, ion it derived below relating 
bearing and Doppler Dop pler shift to RMS e.timat.on 

RMS measurement error, oi aatmuth an^,,^ ^ ^ , pee i(ic targe. 

.rrors of target range. This error P conIiRor ,tion. of target, sh.p- 

locations and ha. been evaluated for •**** » vU ue. for RMS measure - 

board receiver, and transmitter. r “* „ , Uo computed. The results 

SwrSSS^- 1 — - 

j j 1.1 (U) Derivatio n of Error Expression ^ (U) 

As shown in Section 3.2.2. the true range p is the solution of 
the nonlinear system of equations: 

-(q : hi + P (hi * r 0l 

P * Si 4^ 


-(q* h a 4 PS 2 ) 

P * (h a 4 p - * aT 

, C s, are functions of 0*. 

where h x , h a , \ be instituted into the equation for p 
Af». The expression for p can p 9 

„d it is seen that p U the solution of 


(p ; Or. Os. *. “>• M »> * 0 


(3-18) 


° f ‘* ; T e he r p«a C m“«r f fc . i^Mimat^ by 


a — 




( a , 4fl* • #»•**> 


where 


a, « «,(t * 4t) * 


•Although the technique is 
it does require 0> *nd 


described as a single 
a. vales at time t - 
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measurement technique. 

At . 


i ; 


r 1 



r I 

l- I 



r 

i 


\ 



C' i 

D 1 

D 

0 

D 


I 
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J.3.1. 1 (U) -- Continued. 


ami 

® Oa U - At) • 

Thu., instead of ,3-18) an equation of the following form i. .olved: 

H <p : Of i • Oa. Ot. o*. 4r >> M *’ * ° 

— P U .He 

in error, .he Thus. 


( 3 - 19 ) 


true p. 


Let 


P bias 


p bias 


p - P 


Aa mentioned previously. this bias from .he 

value of it i» one of the two i ' n P°' ta " t VP , rjltl Ir om uaing measured 
mation teehnique. The other (random) error art.e ^ ^ ^ >w>iubl «, 

values of bearing and Doppler. T i d instead. Thus, the estimate 

the measured value, fij »"d ti { must be use 

of range is taken to be the solution of 

Hiptfii. «». *.• **»• ’ ° • 

ft and tf will generally have mean values of o. 

The measurements Sj . a (fifJ .respectively, 

and M 4 . and standard deviation. M«) RMS »" d 

Note that p l. implicitly, function of the 6 and M 1 a* 

•these measured value, change so doe. P in order to keep H 0. . 

g a p(Sf &•" ®»* ®«* 

The change in » due to change. In the fi, and ^ U given by 

d(p)= H t d (&i> + H; + fct6,, + ~^* A<441 


♦-Hr *<**•> + rk b ' bU) 


13 - 20 ) 
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3.J.1.1 (U> •• Continued. 

The preceding equation U 

« q „»tion. B ec.u». the UrT«t Joc»t,on the partial derivative. ep/oO. 

:rSVr "onttant. —•« «*- theory *- 

The RMS value of a aero -mean random variable i. the 
standard deviation {0 ). 

b. If X * E A i Y i * then 

O = (I A* O* y ) 

i ^ 

we can derive from ( 3 - 20 ) 

*<P>RMS *|(^ '“ fi,, RMs) *(*£, L{&i) RMs) 

tt 

4 (jt 4 (6 *> rms)* + {t&: 4 ,fi * w 

4 (f ft 4 ‘ 4f ‘‘RMs) #+ fe M6f,,RMS ^ <: 

Equation ( 3 - 21 ) aimplifiea when fi (° i > Rt /s 4|5, RMS * ( 4 VrMS 

a ' m ‘»rms ,or * Ui: 

|[(m)‘ *(&•)■ #H&J11 m4w 1 

fey r 

r r — ~ r - ^mbahilltv Theory . McGraw-Hill. N.V.. 

1965 , pp. 230 - 2 . 
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'RMS 


- 21 ) 
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3.3.1. 1 <UI 


. fiiatlnuyd. 


The only remaining .tfp i» the . valuation of » nlJ ^ * ► 

• ,* A A & LU M s 1 were known explicitly, this 
If the function P<*i. t. ? . func tion is only known implicitly 

calculation would be direct. « • y 2 t invoked. By this 

and therefore the Implicit Function Theorem must be invoked. *y 

theorem from calculus: 


IL * 

d&. 

i 


u V 

A A, bL, Afj) i# known explicitly: 

where the function H(p,«i. *' 1 

H(p;Oi,aa ,<*3,01, Mu bU) 

f (r t -h t Hq,h, 4 (p)lP,)l»to 4 ’ B » • °L ' 1 j 

e p 4 I 4 h a - p • r a * j 

|((D, ) (tin o») (££j) «»i 4 Or, - Or, - Or.)) 

/ q, h, 4 (p)(D,)(«i" «»»> <||t» (°> * «» • ' c « 1 \| 

“ h, • p - r, / J 

*h.r. , . h . q. .re function, of Or,. • » «t. «. •"<» ** *• th « tim * 
between IneMurUent,. Finally, the »bcve equation, c.n be evaluated 

lor A(f, RMS ! 

g Protter, M. H. ^M orrey. E. B. An.l^ is. 

AddUon-W esley , Reading, Mas*., 1964, p. 492. 
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j.j.l. 1 (U) Continue 


(3-Z2> 


, V ftiid the RMS error of 

in the next eeetion. both the Mm ^>U» technique .re 

range estimate for the double-baseline. single-measure 

evaluated for typical case*. 


3.3.1. 2 <U) 


of F >™* /jaiysi*j 


03) 


, BMS error of the range estimate of 
in this section the bias ‘" d ^f teehnique .re presented for see- 
the double-baseline. 'W^rjSwn. of radar transmitter, and 

eral different system E«°"’ e,r ( d , te m parameter. <°P er * ll " e ‘ 

receiver and trajectory of target) » u , hown that although the 

quency and time *'*""**“””” tory under all circumstances, it .. fa.rly 
technique »s not comp > d paTa meter». 

successful for certam geometrtes 

All numerical calculation! ‘ for ^ pu *”° r Fo r any given case. 

„„ an IBM 360 ^^^Vy ufing an approximation for * > 

Pw.s (th * ra " 8 ^ a ^Wracting the »ctual range p . Mp ) RMS - th « K 

- hy^ solving for p eJculat ed using equation (3-ZD: the 

error of the rule estimate, »a. 
partial derivatives of 


«( 


8H 

Tp 


d H 
da. 


JH \ 


i. 


I, 

L 


determined by use of .t.nd.rd numeric, differentiation Mgorlthm.e- 

D ‘ i r w i 9 s 65. I '; , p.^^ TT ' ruu,ion * nd NJim£lL_ 

Methods . McGraw-Hill. N.Y.. 19 


Ui 

» 

e! 


3-38 

UNCLASSIFIED 


l- 1 


r 



UNCLASSIFIED 


3.3.1. 2 (U) -- Continued. * 

The computed range estimation error.for the douhle^elm,;. 

single measurement technique arc d,b|, |^ y< T , Mnll t h c shipboard 

dots indicate the location of the transmitter. T, andj, ’^presented by 
receiver (S). Thc various trajee “ rit ‘ , olid-line segments at various 

dashed lines. The error. segment, are scaled to 

^U^h^RMSerr^r.'whne the offset of the center of the segment from the 
trajectory represent* P bias * 

The various system 

of the radar (f). time between measurement ( ^ figures, 

or RMS errors o£ the measurements {0 .° Li ' are nMCO 

For all the figures of displayed error, the nea.urem^ 
talnties. *(0> RMS * n<J a particular case are larger. 

.“"•"rv.rr.vsu.r.’^ . — 

Several conclusions can be drawn from 
particular configuration of transmits while much lesa successful 

SSL? *so. performance may be acceptable a, certam 
point, in a given trajectory but not at others. 

An interesting observation can b ' 

geometries and parameter, for the except 

i are th. same a. for those in fl^ - 1 the firmer and 

that a., .h. r e th :;r* e e n r me Th.” z\z- . .*.» <«. .»« ..«-»«« .. 

x^gVinPtdy* one^placeVVhePPtimation of , from the formula 

& i (th +o,- tt. - «.)• 

A. M i. increased, the RMS error, oi ^^/"/‘^^Vo^Vh/nd. 
constant ^ *' T' 

5SK..^« i-plyins an increased p*., f~ 
those cates. 
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Figure 3-l6c (13). 


lance Estimation Errors for 
double Baseline, Single Measure - 







Figure 3-lfed (U). 


Range Estimation Errors for 
Double Baseline, Single Me ** UTe V 
tnent Technique --Geometry No. 4 (U) 
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Figure 3-l6e (U). 


Ranee Estimation Error* for 

Double Baeeline, Single Measureme 



_ o.nee Estimation Error* for 

Figure J-Hf (U). B „ eli »,, Single Mea.urement 

Technique- -Geometry No. t (U) 
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Figure 3-l6g (U). Range Estimation Errors for 

Double Baseline, Single Measurement 
Technique --Geometry No. 7 (U) 



Figure 3-l6h (U). Range Estimation Errors for 

Double Baseline, Single Measurement 
Technique --Geometry No. 8 (U) 
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3. 3. 1.2 (U) ZZ Continued . r 

— .. c „ c -... sre observed in Figure. 3-lfc. The RMS errors 

in Figure.V-V.n h**,M * .30 see. , .re 

.till imieh*»m»l^e Mor tt . >20 .re : for ..v« tweeter..., range 
estimate error, of less than 15 percent »re achieved. 


3.3.2 


(U) r„„ Analysis of sin.le.Ba.eHne. Double -Measurement 

Range Estimator . (U) 

The accuracy of the Single-Baseline. Double -Measurement range 
, . /cpfHon 3 2 3) it also a function of the accuracies of 

estimating technique (Section 3. . • - er frequency. Expressions 

;v,.r 8 R^ m r.«:^t jzzy ^ ; -rr r 

^^^“rnritr.irorrh^r .'ever.) trajectories, the total range 
estimate errors are less than IS percent. 


3. 3. 2. 1 (U) Derivation o > Error Expressions. (U) 

A. shown in Section 3. 2. 3, the true range can be estimated by 
the solution of the set of equations (3-12 and 3-13). 

The following approximation, are also used to evaluate the RMS 
range error for this range estimation technique: 


* 6 4 at t 


(3-23) 


and 

p' * p 4 pit • 

Equation (3-12) is used to find an expression for 
into (3-13) to yield: 

F (p's «\ a. tt'. to « 0 


(3-24) 

p which is then inserted 


(3-25) 


a single equation for p* 
values of target bearing 


which depends on the present and past measured 
and Doppler frequency. 
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J.l.Z.l (U) ^£02112^ r 

. , . . „ ._ r .i bcth ft bi* * error and RMb 

The estimate p £ tha Vior linear trajectories , 6’ * nd 

error. The bias arises from the tory iB ra dial with respect to the 

p' are exactly true only ) t c 3 a8e# , even if the exact valves Or . 
shipboard receiver. « » eolution p' will be in error by a P biaB • 

A £ 1 M are known, the eoiuwo** r 


P* 


bias 


P' - P* 


An expreeaion ,or KMS ^"^."cTn - S— * 

RMS errors in target bearing el"*’* m “ ,ur *' 

by noting the .ImiU-ityc mpg* " to ,3-22). it Ml— dir " 11 * 

ment technique and (3-25). Tint.. 


that 


fi( p’ 'rms 


•[(*•)’ iifrY] 1 


.gant. the results of evaluating the bias and 
RMS erro^TirS^ — — ' — — 

technique. 

3.1.Z.Z (U) tuenlt. of Error Anal^U, («) 

The expected error, are P— 

•ingle -ba.eline, double .ntea'ureTOen ^ ^^^ (ene {or e , eh case). 

and 1-18 It can be aeen that ; tor tw t ^ ^ ^ ercerit . The detection .y.tem 
the range estimation error previous section the 

oarameter. are the .ante in all ca.e.. A. to th. PJ lijie aegmente: 

trajectoriea are ahown by erJr. while the di.pl.ee- 

^nt'ofth. 0 ?.^ "enter from the trajectory r.pre.ent. the rang. .. * 
mationbias. 

Several ob.erv.tion. can ^^'X^thuu'^ trajectory 
UJ ’la'STt rtJed at the .hip. Thi. re.tJt wa. pred.cte tn 
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Figure 3-17 (U). 


Range Estimation Errors for 
Single Baseline, Double Measurement 
Technique. (U) 



Figure 3-18 (U). 


Range Estimation Errors for 
Single Baseline, Double Measurement 
Technique. (U) 
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S.3.2.2 t«> 


- » Continued, 


the la.t section. because bU. error, .re e.u.ed by the «»UU- . * > 
b between meuurements. These variations occur only for off -ship tra 
stories As shown in Figure 3-17. the bias is about the same magnitude 
1. the RMS error. The bias could be reduced by decreasing the time inter- 
vU ie«w«» ob.erv.Uen.. but .» the expen.e of greater RMS error., pother 
observation from the figure, i. that the e.tlma.or-. 

the location of the target with re.peet to the transmitter and .hipboard 
the location ot.ne.ge ^ ,., 8 , how , , trajectory in which the .h.p 

** between the target and tran.mitter and the target i. headed directly at 
he^Mp For this trajectory the range error, are greater than «0 percent. 
In'contraet the two trajectorie. of Figure. 3-17 and 3-18. in which the 
target i. on a fly by trajectory or headed toward the .hip in . different 
geometry resulted in errors of less than 15 percent. 


3.3.3 


(U> 


Error Analysis of the Doppler Location Find_er. 


<U) 


The range and location estimates given by the Doppler Location 
Finder (DLF) depend on the mea.ured value, of Doppler j r ' que " c £ 
exnres.ion i. derived below relating measurement uncertainties to esti- 
LTtion errors Re.ults are presented that demonstrate for a wide das. of 
r y .t.m geomliri^. range error, of less than 13 percent and bearing error. 
It less than 6- can be achieved. In addition for one pedicd.T .y.tem 
geometry the range error, are shown to be less than 5 percent. 

3. 3. 3.1 (U) Derivation of Error Expr essions. (U) 

A. described in Section 3.2.4 target location and time derivative 
variable., p, et, p. and or. are the .olution of: 


It. 


t « h(p, or, p. b: D t> 8 i( Xj) 


: 1 , 2 , 3 , 4 . 


Becau.e 4f wUl always be measured with .ome error, it is denoted a. 
!i t * the estimate, of p. cr. P. -d a are .imUarly denoted by p. a. P. 
and Ik so tbit 

« h(P. *> ispg. V- 1 c l ’ 2 ' 3 ’ 4: 

As done In the previous sections define 
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3 . 3 . 3.1 «U> -• Continued. 

6,6 V ■ (tj\ h (^} t& 4 Wi A " + (^)* 

Letting the vector* m and v be defined as 


Wx 

ti 9 

<Li 4 f 


~ l *P 
u? 


*nd the matrix A defined as 


. A 


((ft), 

(ft). 


(ft),) 

)t»X 

m 

(fti 

ml 

'a 

a 

m 

(m 

vUp /4 

(iii 


(fti) 


then m - A v , a..uming A i. invertible, v = A * 1 m . 

Evaluating ju.t the fir.t two component. o£ * and expre.aing 
them in RMS form yields 


<AP), 


RMS 


(A 6 ), 


RMS 


(Ai ( Mt v) RMs) 
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3. 3. 3.1 (U) -- Continued. 

At turning it (£f.)) RMS is the t»me for all i. 


P), 


RMS 


(Ad) 


RMS 



These last two equations relate the RMS errors in Doppler fre- 
quency measurement to the RMS errors in target range and bearing esti- 
mation. The other type of estimation error is a possible bias. For the 
Doppler Location Finder there are no biases since the equations are exact 
and use measurements from only one time point. Thus, the RMS error 
describes the total range and estimation errors of the DLF techniques. 


3.3.3.Z (U) Results of Error Analysis. (TJ) 

The expressions for range and bearing uncertainties derived in 
Section 3.3.3. 1 for the Doppler Location Finder were evaluated for a number 
of configurations. It is shown that with reasonable Doppler measurement 
errors (i.e., 0.1 Ht) the range error is less than 15 percent and the bearing 
error is less than 6* in many cases. The error results are presented in 
Figures 3-19 to 3-28. As with the error analyses for the other techniques, 
the target trajectories are represented by dashed lines, the transmitters 
and shipboard receivers are represented by labeled dots, and the assumed 
system parameters for each case are included. The Doppler measurement 
RMS error for all cases is assumed to be 0. 1 Hr; no value is given for^ 
time between measurements because the DLF is an "instantaneous "esti- 
mator. For this location estimation technique the errors in both range and 
arimuth are presented. The RMS range errors are represented by line 
segments scaled to twice the RMS range error along a radial line from the 
target to the receiver. The RMS bearing errors are similarly scaled with 
a line segment perpendicular to the radial line. Note that no biases are 
shown. The one major observation that can be made is the good performance 
of the DLF for a variety of receiver-transmitter configurations and against a 
number of target trajectories. In most cases the range errors were less 
than 15 percent and the bearing errors less than 6*. Of particular interest 
is the system geometry shown in Figure 3 -28 for which the range errors 
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Fieure 3-19 (U). Location Error for Doppler 
Figure 3 iui Find er~Ceonnetry No. 1 
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Ficure 3-20 (U). Location Error for Doppler 

Fig Location Finder--Geometry No. 2 (U) 
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Figure 3-21 (U). 


Location Error for Doppler 
Location Finder--Geometry No. 3 (U) 





\ 

\ 


\ 


• n 


■ it 


, . it* 

» • I* • 

•»« • M* 


Figure 3-22 (U). 


Location Error for Doppler 
Location Finder- -Geometry No. 4 (U) 
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Figure 3*23 (U) 
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_ f 24 tu>. Location Error for Doppler 

Figure 3-24 <U>. Finder ~ Geometry No. 6 (U) 
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Figure 3-25 (U). 


Location Error for Doppler 
Location Finder--Geometry No. 7 (U) 
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Figure 3-26 (U). 


Location Error for Doppler 
Location Finder- -Geometry No. 8 (U) 
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Figure 3-27 (U). 


Location Error for Doppler 
Location Finder-- Geometry No. 9 (U) 
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Figure 3-28 (U)» 


Location Error for Doppler 
Location Finder --Geometry No. 10 (U) 
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3. 3. 3. 2 (Ul Continued^ 


„c 1... .han 5 percent* Thi. configuration can reprc.cn, the ... -I ««»- 
L,». on Picket .hip. to protect a fleet aircraft earner. 


3 . 3.4 


(U) 


Other Possible Sources of Error. 


<U> 


The previoo. 



tice. The.e are taken over a time bearing at the middle of the inter- 
average value calculated »• 1 *“**". th , ctu al bearing at that middle 

val; in reality. «» * hi ‘ 

time. point may be differen . • liRni£ican tly •mailer than the one 

:rss=s ssti 

model for ay.tem geometnea. In prac :i . * xfe expeite d to employ 

above the ocean .urface although t P For the.e situation. the 

low altitudes to avoid line-of-.ight wbtM .etlon^^^ ^ u , ed ln . 

actual Doppler, and bearing * nB th , differeneea are ma.ked by the 

planar model, lnmottc.es, h , , 10 km high and 100 km 

measurement uncertainty. ox e* . di to t b e Doppler equation, 

from the .hip i. at a fi elevation - ^ th e target were indeed 

the actual Doppler would be co. 6 time. I PF» eoi 6* l. greater 

Dying in the plane of the »•*•£»»’ * o/bV U« t\i.» 1 percent. which i. 

■ r ■■ . .»>“ 

zzzeiss »• ’■■■• >■> f • f 1 

Squeal, the a..ociated error, can be neglected. 
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3 . 3.4 


<U) 


- . Continued. 


The measurement of transmitter f wih 'an RMS m»>- 
rU c to error, in the ••‘imation »>R U < than ’ 0 „e part in 10’ in the 
a ntM.* dominnt e dby the' Citation, in computational accuracy. 

Thus, the error, that ari.e from the.e other source, can be 
neglected compared to tho.e examined in the previou. .ec 


5 . 3.5 


(U) 


Conclusion* of E fror AnalyeUj 


(U) 


The principal conclusion to be -measurement 

that aU three techniques analyee ^ u bit -measurement estimator, and the 
technique, the slngle-baseli ne, d )5 range error for 

The - 
“ - •*“ 

For all the estimation m y hod * ^ " V 

depend on both system Ecometry «d diI(tr .nt specific conditions, 

three techniques perform reason. > employs the basic methods 

it appear, that a hybrid location tec R can £ e developed that will 

contained in the three technique. 8 .ccuraey) over a wider range 

perform satisfactorily (better *n h ^ rid technique may rely on the DL ^" 
of fleet operating geometrie.. This nyo tmrget bearing. Alternately, 

method at a basis, but Include ■"«. u hod , f ot e.timating target 

the hybrid technique may em£ .«* all ^‘ hr * having large RMS value., 

range, but incorporate test, to discard e.Um ^ bt lighted to 

Tho.e estimates within an ft ' ce P**^ ranged Based on the potential of 
provide the -hybrid" estimate of ^ target rang T „,. of transmitter. 

th “ * hybrld urRtt loc ‘ lion 

technique be investigated. 
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Section 4 


EXPERIMENT Al. TESTING OF FAD 
POLYSTATIC TECHNIQUES 


« m N) ,. lhe previous sections the investigation of a polystattc radar tec 
W w In the prevtous s presented. This investigation included 

nique that can be employed for FAD P methods and a detailed 

an examination of d * te \ n °" h ” r g «ult‘s have been derived analytically there is a 
error analysis . Be clu ' ' d dem on.trate that a FAD early warning 

i;; : :Z[\r^CTot opportunity is Experiment., teats are 

therefore recommended for the FAD poly.tat.c techmques. 

^ ((A Thi , .ection describe, the experimental design considerations and a 

system deigned gx%ic£*Tly tor ‘^''heVac^r's ‘hit impact on the test design 
experiment, arc ; first ^ dt Based on a tradeoff analyst, of these 




4.1 


0 » 


OBJECTIVES. (U) 


The objectives of the FAD polystatic techniques experiment, are to: 

demonstrate the detection range of the polystatic technique, 
and 

b. verify the predicted accuracies of the target location e.ti- 

mat ion method*. 

The first objective is to show that the target detection range, derived 
analytically using surface wavejatt^ been met partially 

sections agree with experimental vJmlng portion of the Aquarius 

when experiment, were conduced £ ei«r“t w»T dieted with a bl.t.tic radar 

meet the other objective*. 

rthuctive i* to verify that the target location accuracies 

the^^periment. 11 wiU^be^devoted to 
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• • Continued. 


the most tenuous arc. and contain, numerous random variables «e. g. . trans- 
mUtTr-tar gct-rccciver geometry, m ea surement accuraces, etc.) 

4 2 (U) EXPERIMENTAL CO NSIDERATIONS. (U) 

In the design of experiment, care must be taken to 

system parameters that * r * " uc ^* 1 ^‘uVtu/ed'for performance at a nominal 
In addition, the experiment* *h . nn «aihle In the experi- 

cost utilising existing equipment and J b<! c ‘ on , i(J ered. A list 

mental design there are a number of factor. , VhVmaiorlty of the factor, 
of the primary one. are included *" J»“« 'j‘ w ™ the equipment/.ystem. 

,«.g.. transmitters, target, rec.lv er. the reduce. 

r h e ; co.t fo of £ r r . S"r' 

:“ P t«r.'oi*eT;?o n r‘ hence the time and location of ,h. experi- 

ment it restricted to the availability of these systems. 


(| /) Transmitter Sources. 


To conduct thefts source, of ’^^^r^.mi ' 

established transmitter powers and operational schedules. Lists 
source, can be found in the World Radio and TV Handbook. 

Experimental HF transmitter, and other radar, may -be « n P 1 °^* d 
,o track the target during the test, and for d ^? r °.W«’d“U ‘he test 

spheric sounding, and propagation measurement, are desirable 

to verify the use of IF propagatio n modes. 




Target*. 


F or Fleet Air Defense the primary target, are _ enemy “ d 

aircraft and missiles that are threat, to the U.S. Fleet. 
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TABLE 4-1. (U> 


EXPERIMENTAL FACTORS. (U) 


I, Transmitter Sources 


b. Operating Frequency 

Ct Schedule of Operation 

d . Effective Radiated Power 

Simulated Targets 

a. Type * nd site 

b . Availability 

c . Number - • 

3. Receiving System 

.. platform: Shipborne/Landbased 

b. Antenna Arrays 

c . Receivers 

d . Proceaaing and Data Storage Equipment 

e . Test Equipment 

4. Test Location/Conditions 

Sources Availability 
b. Target(s) Availability 

c Receiver Ability 

d . Similarity to Operational Environment 

e . False Alarm/Noi.e Level. 


\\m rss 

uimROu 








In the experiment, the aircraft and missiles need to be ' 
for a variety of operational profiles. including a number of acattering gcom 
etrie. and'targct altitudes. Soviet air-lu-.urf.ee mLailcs. tor example - . . - 
Known to be capable of being launched at a range of altitude, but folio* a 
altitude profile for minimum detection. The typical aircraft app 
*,„« to the ocean .urface to avoid line-of-.igh. radar detection. The target. 

HE::::;::: =s.-sr » 

ocean .urface for a variety of transmitter.-target-receiver geometries . is 

•inglTTnd rn^tipl^°^rc* aft^ti».uV»*gMWreV t .hould'be*obtained for multiple 

signature and location evaluation. 

Besides the intended targets, there may be commercial and military 
ireraft ** .^perating in - « -£ 

Schedules ^of .u^flight. n^o U obtained where possible for the evaluation 
of the experimentally collected data. 

4.2.3 (U) Receiving Site. (U) 

m the FAD polystatic radar system concept the receiving system is 
located on one or more of the ships of the fleet being protected However.^ ^ 

fie^theVonduct oVtha° experiments because the normal «>P«ational problem, 

^lystati^^xyerim^t.'^he^des'royV^ DD7*H (USS OUbVrt Roan) contain, an 
HF DF array" and appear, auitable a. ahipbome receiving platform. The 
potential landbased sites include the following: 


Vint Hill Farm Station 


White House 
Eastern Test Range 


East Coast 
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4.2.3 


(U) Continued. 

e. Stanford Antenna Array | 

f. Los Banos Antenna Array | 




Wcat Coast 


Of the two type, of .ite. the landba.ed .ite it recommended because of 
cLr.,ion.l .'mplicity in conducting the te.t.. For thi. rtt.rn.tt*. here 
i.greater »cce.. to te.t equipment »nd the .cheduling of data collection is 
not H .".V. .. for .hipborne oper.tion. In addition, the co lection and 
processing of .hip navigational d.t. i. no, required for experiment, using . 
landbaaed site. 

4 2.4 ( \J ) Teat Location /Conditions / E valuation. ( U ) 

The .pecific te.t location, condition, and evaluation depend on a 
combination of the factor, described above. The availability of sources, 
tar^ rlnd deceiving .ite. dictate the ..a.ibUity and co.t of conducting 
te.t. on the Atlantic and Pacific eoa.ta. When all ’ 

ered the principle te.t location, for con.ideration * r « ‘ h * P * ci , ’ „„ 

Northern Atlantic area, and Southern Atlantic region. t e.e regi 
that appear, mo.t .uitable it the .outhern Atlantic region. 




Location. (U ) 


The .outhern Atlantic region i. recommended for the FAD poly 
atatic te.t. for a number of rea.on.. Fir.t there are a number of broadcast 
station, available. Second, forward-.catter geometry that i. mo.t represen- 
tative for FAD can be achieved by u.ing transmitters from Co.U Rica. San 
Jose cJb»; Paraguay and a receiving .ite at Vint Hill Farm. Station, the 
M»d« rVdar site, the White Hou.e .ite and/or the Eastern Test Range a.te 

Th'. lnowt a landba.ed ait, to be employed in.tead of a .hip for h« r.ce.vin. 
ev.tem The te.t region contain, a aufficient amount of non-ho.tile aircraft 
so that false alarm signatures can be examined in conjunction with target 
signatures'.* D, addition, mo.t of the necessary receiving equipment av»a- 
•U. and demonstration, can re.dUy be made to Government 
the Washington. D.C. area. These rea.on., plu. other. »uch as the avail 
ibility of HF calibration equipment <e. g. . iono.pheric sounderal. make the 
southern Atlsntlc region preferable to the others. 


4. 2.4.2 


) Test Conditions. 


Once the test location i. selected the te.t condition. *«“t need »o he 

delineated Include primarily the transmitter frequencies to be u.ed target 
le.t trajectories, the equipment to be utilised, and t he data to be collects d. 


avulAOuiiiit 


Should be included. A head-on. ppruach h locsliun ,„ r c , rh aircraft 

bv-traiectory should be conducted. The tim collected experimental 

maneuver ehould be £*^* h AS-S eerie, ebould 

data. Missile* comparable to the . . pnaturei mt variou* ran R cs. alutud< s 

be fired, if poeeiblc. to ob, *‘ n ^“ t ‘hrec Signature. of missile treicct.-ric. 

j OD rratifR condition*. At 1 extrapolation of cxpvri 

•.hould bc obtained at difierent ay.tem's ability to 

mental data from aircraft target. Table 4-4 aumm.r.a.. 

— * nd ur,et te,t p * T * meur “ 

the receiving equipment ^00^0^.04 a.. P ociat.d 1 

men. include an •«*•«“ Stoied eite. («.*•. Vint Hill Farm, 

peripheral equipment. U one antenna *y*tem equipment nece**a > 

Station) i* employed, then mod f \ rmmitme nt of the equipment for the 

« p ,"i«d n w £ •.«* «• *— * the exper,roen 

The experimental data that need * ^ * DF* information as a oci at cd 

noi.e measurement. variou. condition.. ThU 

With the signatures for aircrail an 
data can be proce**ed to: 

.. demonstrate the detection range of the poly.t.tic techmque. 

and 





Continued. 


b. 


... the target locution estimation 
verify the accuracies of the targe 

method. ‘ 


4 . y 


cvcTFM design,. (XJ) 


— — “T ,w. rAD target detection range capability 

In order to demonstrat * described in previous sections of 

and the accuricy of the loca on junctional block diagram in Figure 

£f. report, a system ^cooperative HF CW ‘ran.- 

szz 1 ' ■ “““T- - - - — 
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w 


Transmitters: 


Target Types: 

Transmitter-Target Ranges: 
Target-Receiver Ranges: 
Aircraft Altitudes: 
Approaches: 

Maneuvers: 

Target Velocities: 


Cooperative HF, and Noncoope native 
HF Broadcast 

Aircraft, Missiles 

50, 100. 200 N.M. 

50, 100, 200 N.M. 

ZOO, 500, 1000 feet above ocean level 

Head-on, Flyby 
Turn, Climb, Dive 
250-400 ft/sec. (Aircraft) 

* 

700-7, 000 ft/sec. (Missile) 


» At least three rm. T T a aignature. at 100 NM range. Z00 ft altitude 
with a head-on approach. 


liftUUvJ' 


r 


«3 iOu 






















a . the double baseline, single measurement mode; 

b. the single baseline, double measurement mode; «nd 

c. the (our Doppler location mode. 

T.ri.t kr. eking using the double-baseline technique would be accomplished 
by measuring the Doppler .hilt on two path, .nd the apparent angle-of-.rrival 
to the “»et lor e.chVran.miUer frequency. Both real-time Doppler and 
real-time^ aaimuth would be displayed on a fax dieplay. Similarly, the single 
baseline* two-measurement technique may alee be u.ed for targe, location by 
making two eucceesive Doppler and two aucceeeive aaimuth measurements 
aeoarated by at least 10 and no more than 100 seconds. Finally, the four 
Doppler* target location technique may al.o be tested with this ey.tem by using 
each of the four receivers to measure and display Doppler only. 

The design goals of this system are to-- 

a. measure aaimuth to 1* end Doppler to 0. 1 Herta; 

b. be easy to operate by an untrained operator; 

c. be ultimately suitable for shipboard shock and vibration 
environment; and 

d. be principally composed of off-the-shelf hardware. 

The one degree aaimuth and 0. 1 Herta Doppler measurement « cur «* 
based upon the location technique and error analyei. resul e. *he "qu.r 
oper.torekill to u.e thie ey.tem for target tracking i. quite aimple. The 
OMrator simply tunes each pair of receivers to the appropriate transmitter 
frieouenev of Interest. During an event he observes and record* the displayed 
Doppler and displayed aaimuth eignature for the target. Finally. ** ' £ 
acUe. the Doppler and aaimuth data, and Input, tbit information back into the 
Inrn outer to solve for range. The basic hardware items for this system are 
off the shelf and generally rugged enough for a shipboard environment. All 
:f^ el.ctr?„U.U .olld^ts. B e 8 . except for the *390 receiver, which i. used 
for shipboard HF communl cations . t — 

4#4 (U) DESIGN CONCEPT. <U) 

The following eub.ections discuss in detail the block diagram, tech- 
nique. forDo*ppfer and^imuth meaeurement. the required ^a disband 
general operational procedure.. 4 n fe}‘ KSNIMk 
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4^4^j (U) Svtcm Description, (U) r 

At sh^n in Fle»r#> 4.1 the antenna array consists of a linear 
disposed antenna with on.-half of the .rr.y connected to one 
channel*. 1SO-T'. are u.ed to divide the .ignal power between the 
ZZeU. t each da,, channel the aignal. are combined In . hybrtd wb.eh 
produce, .urn (Tj and difference (t) output .ifSn.U. The p.rt.eul *" 
milter to be apectrum analysed is tuned up using .tandard R390A recci cr 
The paired receiver, are gain matched to provide necea.ary monopole DF 
. irruncv The IF output oX each receiver i» envelope detected 

uVing'high dynamic* range AM detector, ia low-paa. filtered to »PP r ”|™** ,y 
Vn Her., bandwidth to prevent alia.ing during the aamphng pro*..* 

A/D converter'. Following campling and A/D eonveraion the data ia input 
in a re"ir*ulating buffer in the V.ri.n 620/f computer. A total of four tnpu, 
Luff.” are u.ed to .tore each lO-.eeond duration .ignal to provide the 0. 1 
Hertx resolution required. One channel at a time L apectrum an y 

on the display. 


(U) Azimuth Angle. of -Arr ival Calculations. (U) 


The magnitude of the .pee, rum from the delta channel llr combined 
with the previous spectrum from the sum channel to compute the angle of 
arrival* of Vacht' me* frequency cell for th.t apectrum. The angle -of-arrtv.l 
from bore.ight for each time frequency ceU may be exprea.ed at. 



where 

X &s the operating wavelength, 

d is the physical separation between phase centers of the 
L.DAA antenna. 

Is the elevation angle-of- arrival. 


E 



UNCLASSIFIED 


4 . 4 . 2 


(U) 


> Continued. 


t it the i th frequency in the Leila tpectral array, 
i 

I. is the I th member of the sum spectral array, and 

a. i. the azimuth angle-of-ar rival of the i‘ h frequency time 
1 component. 

Thu. we compute for each apectrum and each frequency, the anglc-of-arrival 
r that bit of data The a data it then formed into an alpha array, 
amplitude ^ompretted. diiplay matched and di.played on the fax in a time- 
angle-intensity format. 

f \ i t also stored in a mass-storage disk for 
Th * Th^s * data is stored also in a recirculating buffer 

I„d is displayed on a fax paper a. well a. being stored on the disk. 


4 . 4.3 


<U) 


Data Extraction. (U) 


When a target detection it mad. a. noted by observing the Doppler 
on the Do ppl ."channel di.plays. the 

target Doppler *“ 

.ingle -measurement tec^q i d double -measurement technique 

moth data at time T.. then Reorder 10^1 ^ ^ ^ ^ 

‘hlnneT ea O U r”‘f the floppier target location technique i. being employed. 

via the^eletype? For es" . et of data entered by the operator, the comber 
will iolve target range-azimuth algorithm and print out the re.ult. for 
the operator to review. 

Although the operator ha. di.played for hi. viewing the computed 

on the fax display, the operator acaling of the angle d 
target atlmuth on the fax di p y. P u cuUt ion. The appropriate angle 

;:"r» «.i ... ... »• «•*».« - - - 
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4 4,3 (U) - Continued., | _ 

A. incept of thi. •£ '£ 

‘;„V»c: contain^ thVcompuUr .*'.«■ - 

in "ront*of the ,hOW " ‘° ““ r ‘ Eh> ' 


4.5 (U) 

4.5.3 (U) 


nrr.ii.ra DES IGN cernnrATlO^ (U1 
Cpnrtrum Anat yf Specification^. (U> 


The .peeifleatlon. for the .pectrum .n.ly.i. portion of the ey.tem 
*re given in Table 4-5. — — 


T»Uf 4-5 (U). 


Snectrum Analy.i. Specification.. (U) 


input 


Sample xate (per channel) 

Number of channels 

Fast Fourier Transform aize 

Number of seconds of data 
per transform 


51.2 samples per second 

4 

512 points 
10 


output 


Frequency resolution 
Bandwidth (folded) 


i played bandwidth 
proximate time required for TFT 
and angle calculation, (per 


0.1 H* 
0-25. 6 Hz 
0-20 Ha 

500 msec 


500 percent 




2vf 

c 
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of Data Collection Syatem (U), 


Figure 4-2 <U). Artlafa foneept 
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4 . 5.1 


(U) 


». Continued. 


I if inume v • 600 MPH. the 
where c - J a SO *"**"* £V Vlrcr.lt recommended for the experiment 
maximum »ir. peed for the P „an.mittcr frequency u.ed in the 

and C x »0 itiHt which will be . «yp Thc b>ck , ctUer ca «c pro- 
experiment. we Ret . thifl , oI 10 Hr or lest .re expected in 

duces the larRe.t frequency . » 0-20 Hr should adequately dis- 

mos. ...... Thu. . di.pl.yed bandwidth «>^;« c.iv.r output will be diode 

pl.y .11 -.«• collected in ‘be .xp«r ™ t [ tTO „. r tr in the 0-20 Hr 
detected »nd the sidebands wU1 no , be available from the 

dl.pl.ycd bandwidth th “ , * i<! * v .tem wiU be u.ed a. part of an experiment. 

.... 

halved by using the folded apectrum. 

The requirement for 0. 1 Hr re.olution i. aet by the nature of the 
r*nge estimation techniques. 

Using the requirement, for r.^^te^ore^for 

.ample rate ia 51 . 2 .ample, pe '-."“Stem (FFT) i* performed on the 512 
. 10. sec onds and a Fast Fourier ran frequency domain points which 

sample.. The output ;of thi. ;‘ r “^.h a resolution of 0. 1 Hr. Since the 
represent a bandwidth of 0-2 • receiver is not an ideal low- 

io^-p... filter —*,«*?£* of the filter and 

nVralVrVqutVy^t-mb. affected. The di. played bandwidth ha. 

been set at 0-20 Hr for thi. rea.on. 

The time required to ’P er ‘ or ™ ‘ ViUUeVo’nd.^ThVtime required 
'data manipulations is ° ^ * d *, i0 ciated data manipulations is 

for the arimuth angle c »l cul * e.Hmate was obtained from a 

estimated to be 300 milliseconds. The FFT e. tm th . SEE 810B 

relative computational ^"^.ed flr thT. system, th. V.ri.n 620/f. 
computer and the ^ equire 250 milliseconds to do the transform 

Programs written loT the JJ .f bo J 6 require 350 miUiseeonds or less. The 
and the slightly slower 620/f shoul q deteJ . mlned by co ding a sample 
estimate for the arimuth . e al C ulating the time to perform this 

loop Which computes the tziln "*-* n Joints from each of the two channel. 
ZttZZXtt* cover the overhead involved in th. data 

inanipulations . 
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4.5.1 


(U) 


. . Continued* 


Thi. total of 700 milli.econd. for the two FFT. »nd 
seconds lor the atimuth angle ealeulaUona or Thl|(lj the system 

give. an average of 500 taV«o» of 500 percent, 

i. able to procea. each »»«wpj* the* ram formed data divided 
Duty factor i. defined a. data for S the channel.. Tho. for 

^chamlu^fTu'at 500 milli.econd. per channel the duty factor i.t 


10. 0 

( 0 . 50 ) ( 4 ) 


10.0 

2.0 


500 percent. 


Simply .tated. e^eh timc^amplc offdata^i.^roem^.ed^ tyne.^. ^ j 
time sample a in a recirculating v . factor the more smoothing 

- Soppier-related data 

ia displayed. 

The two -tone dynamic range of the •F.l.m will b. W * *^ e 
i. the limit available with a 16-bit computer. Th 9 RJ|)0A receiver that 
range i. al.o approximately the io “ g . t mo.pheric condition, are 

it to be used in the expenmen . two-tone dynamic range of 

generally such that signals which necessitate a 

greater than 90 db are very rare 


4 . 5.2 


<U) 


Aiimuthal Specifications^ (U) 


n :nrt , ~ 


4 . 5.5 


(U) 


scrape and Display Spe cificationr. 


(U) 


- 

4 K Increments of memory are available. 
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TABLE 4*6. (U) 


COMPUTER CORE REQUIREMENTS. <U) 


Programs 

Signal Proceaiing Programs 
Disc 1. uling 
Teletype Handling 
Range Algorithm 

Buffe ra 

Lnput Buffer 
Time-Weight Table 

Sin/ Co# Table 
Y/ork Area 
Display Buffer 

Total 


Words 

1500 

400 

400 

2000 

3900 

2048 

256 

128 

512 

275 

3219 - 3250 
7150 
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4. 5. 3 


(U) 


-- Continued. 


The azimuth calculations will re»ull in an 8*bit number |4 t byte i. 
Each of two receiver pairs will compute 200 azimuthal point* every 2.0 
seconds. Thee aximuthal points will be stored 2 bytes to a 16-bit word on 
the disk. The disk to be used in the system ha. a storage capacity of f.4, 00 J 
words; approximately 4,000 words will be used for program storage. At 
200 words every 2 seconds, 600 seconds of data will be stored on the disk. 
The disk will always contain the most recent 10 minutes of data. 

The spectral and azimuthal data will be displayed on an electro, 
graphic facsimile display. The display, shown in Figure 4-3, contains data 
from each of the two receiver pairs; these pairs arc referred to as Channel 
A and Channel B in the figure. Each channel contains a spectral display of 
frequency, amplitude and time and an azimuthal display of angle, amplitude 
arid time. The specification for the display are also given in the figure. At 
« sweep rate -f on* line per second and a resolution of 99 lines per inch, the 
most recent 30 minutes of data will be displayed on the fax at one time. In 
addition to the spectral and azimuthal display on the fax, the time code will 
be put on the fax. On the edges of the fax the time of day and the Julian day 
of the year will be encoded; this code will be put on once an hour. In the 
area between the spectrum and azimuth displays, marks will appear at every 
one and ten minute transition of the time code generator. 


(U) COMPUTER HARDWARE DESCRIPTION, (U) 

4.6.1 (U ) Computer. <TJ ) 

The computer selected to perform the signal processing and 
related functions is the Varian 620 /f. The Varian 620/f computer is a high- 
speed, general purpose, digital computer for scientific and industrial appli- 
cations. Its features include-- 


Fast operation: 

Large instruction 
repertoire: 

Word length: 

Modular core memory: 
Automatic data transfer: 


750-nanosecond memory cycle 

148 instructions 
16 bits 

Expandable to 32, 768 words in 4, 096 increments 

Direct memory access facility provides auto- 
matic data transfers with rates to 276,000 words 
per second 
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C HASH El A 


CHANNEL B 


$PECTAUH_ 

(f.A.t) 


AZIMUTH- 

(°»A»t) 



SPECTRAL CHANNEL 
AZ I KJT HAL CHANNEL 
AMPLITUDE 

HORIZONTAL RESOLUTION 

vertical (tihe) resolution 
SWEEP RATE 


0-20 Hr 0.1 Hz RESOLUTION 
k IN. WIDE 5 Hz PER INCH 
-30° TO ♦30° 0.25° RESOLUTION 

2.4 IN. WIDE 25° PER INCH 

J2 LEVELS OF GREY SCALE 

50 LINES PER INCH 

99 LINES (SECONDS) PER INCH 

1 LINE PER SECOND 


0 

B 


Figure 4-3 <U). Fathometer Dlepley- (U) 
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.*.6.1 (U) -- Continued. 


Multiple »uUre»»ii»K : 


Flexible I/O: 


Extensive software: 


Direct, indirect, relative, index (pre and !*.►«•, 
immediate, and extended 


Ten device, may be placed on the I/O bus. The 
I/O system ean ca.tly be expanded to include 
feature, such a. automatic block transfer, 
priority interrupt, and cycle -.tealing data 


Complete package include, a .ymbolic ...em- 
bler. subroutine library, A/D diagno.l c. and 




. ac a rnPTRAN compiler 


The mechanical .pacification, for the 620/f are 


Dimensions: 


Input voltage: 
Input current: 


The mainframe and expansion frames are 
10-1/2 inches high. 19 inches wide. and 21 
inches deep. 

105 to UdV ac or Z10 to 250V ac. 60 Hr 


The mainframe power 
mately 15 amperes ac; 
power supply requires 


supply requires approxi- 
; each expansion frame 
approximately 4 amperes 


ac. 


Temperature: 

Operating 

Storage 

Humidity: 

Operating 

Storage 

Vibration: 


Shock: 


0 to 50 Regress C 
20 to 70 degrees C 


To 90 percent without condensation 
To 95 percent without condensation 
3 to 10 Hz at Ig force or 0. 25 double amph- 

hide, whichever ia leaa. Exponentially-raised 
frequency from J to 10 Ha and back to 3 Ha 
over a 10 minute period, three complete cycle. 
Thia specifications applies for all three prin- 
cipal axes. 

4 g for 11 millisecond, (all three princip»l 
axes) 
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4.6.1 (U) -- Continued. e 

The 620 II was chosen on the basis of four factor*-- 

a. speed. 

b. capability, 

c. mechanical ®pecification®, and 


d. co®t. 



600 percent in the processing. price/performance 

ssr :: » — - •- 

16-bit computer® in it* performance field. 


4.6.2 


(U) 


Analoc-tQ- ^p^al Converter. 


(U) 


The analog to digital converter (A/D) .elected for the -y". t 

the Raytheon Miniverter. The ^ khT ^m^pertur/tinie of 50 nano- 
A/D which has a throughput rate of 45 KHz. a P packaged in a 

- -- — 


4.6.3 (U) (U) 

The disk .elected for the ®y»tem i* the Singer-Libra.cope . 
Model LI 07 The Singer-Libra.cope di.k i. a •mall, inexpensive > 

EX .y-te" whieh meet, all the .y.tem requirement.. 

The specifications for the Model L107 are-- 
Maximum capacity bit.: 1,080,000. 

Maximum capacity word. : 67, 000 

Data head.: 45 t 

Timing head.: * 
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4.6.3 (U) Continued^ 


Maximum bits/track: 
Rotation speed, RPM: 

Clock frequency, MHt Max. 


24,000 

3,600 

1.4 




The mechanical specification* are-- 


Dimensions: 

Weight: 

Operating environment: 
Temperature 
Humidity 
Shock 

Vibration 


6 inches high x 9 inches diameter 
12 pounds (approximately) 

0*C to SS'C 

. 90 percent R. H. without condensation 
10-Cs 11 -msec rise time (no shock isolators 
required) 

2-Gs acceleration max. , 5 Hz to 50 Hi 
.hock isolators required) 


Nonoperating environment: 
Temperature 
Humidity 
Shock 

Vibration 


-50*C to +75* C 

95 percent relative humidity, no condensation. 
15-Gs 11 -msec rise time (with no shock 
isolators) 

Mil-Std-810B, Method 514, Category (G) 
equipment specification used as a guideline. 
This equipment category is for shipment by 
common carrier, land or air. 


Power requirements: 
Disk 

Electronics 


115V ac, 50/60 Hz, 

+5V dc at 1.4A 
-5V dc at 0.25A 
425V dc at 0.2A 


•ingle phase 1.5A 
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ThU P*g e Intentionally Blank 
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APPENDIX A 



PKOPAGATJON PKEDIC ilON PROGRAM. |U) 


i u> f 

em perforr 


_ The propagation prediction program used to estimate the 
syster* performance basically combines a modified version of the ITSA/ 

ESSA HF propagation prediction program for mode and mode amplitude 
prediction; the bistatic radar range equation to predict the received scatter 
path power; and an 1TSA/ESSA noise prediction program lo estimate 
atmospheric, manmade* and galactic noise at the receiver site. 

( 0 ) The prediction program package consists of individual 

computer programs that (a) compute a target trajectory; (b) predict 
propagation mode structure and mode amplitude; and (c) predict the doppler 
and missile cross-section. 

t o) ^0 The trajectory simulation program estimates the missile 

raf^rajectory based upon fitting the night profile lo a functional form 
using a least-squares fit technique. The required inputs 4o generate the 
model profile are liftoff and burnout times, launch aainurth, apogee, and 
range. The program then computes altitude, range, latitude, longitude, 
velocity, the *pe*d of sound, Mach number, Mach angle, local target 
bearings, local target elevation angles, and acceleration. The computed 
parameters serve as inputs to the propagation prediction program to deter- 
mine mode structures with a time varying terminal point on the trajectory. 

The 1T5A/ESSA propagation prediction program has been 
modified tallow for non-congruent hop structures and for propagation to and 
reflection from a point above the earth. The program predicts the mode 
structures that meet ionospheric propagation conditions on each of the three 
paths; the direct (transmitter-receiver) path, the transmitter-target h,-l( 
path, and target-receiver half path. In addition, the propagation losses and 
antenna gains (or each mode are deteimined* For each mode predicted on the 
transmitter-missile half path, an ••incident" (at the target) elevation angle. • 

. measured from the local horUon. is found. For each mode predicted on the 
target-receiver half path, the ••scattered" elevation angle is also found. These 
parameter* are then used with a modeled profile to predict doppler frequencies 

( v 1 ^0 propagation predictions are based on empirically derived 
world^idffmmerlcal maps of vertical ionosonde data. The results are 
monthly ionospheric coefficients which can be used with the parabolic U : *er 
assumption (parabolic electron density variations in the E and F layersi 
to predict monthly average ionospheric conditions affecting a specific ray 
^j>ath^atjDny^hou^ — - 


App. A 


-.Continued. 


(v>) PF In the prediction model. .11 line of elfht. E .nd F prop***>-f 

mode, ere determined between the tr.n.mitter .nd the '*'**’• be '** he 

m lK# tarcet and between the transmitter and the receiver. 1 

predictions. 

f\\) After the mode .tructure. th.t meet the ionospheric tond ^"* 

.re iL7.iir(tho.e between horizontal ££££■£< ' 

propagation lo.eee »nd „*,.*»»*», D-l»yer .b.orption lo... .nd ground 

reflection *io«.. °Th« ‘ nBS empirlc.l •^“•^‘"^^'^‘“Thl.Tcmr U 
routine, or gain uble. .re u.ed. 

( o) W The target .e.tt.rtog model for mU.ile target, i above 

100 *^FP*r^lold^ompj^»»ed*»IliM^»t lurface'*. MniideM^hyperboloid.! 

bow shock wave. The shock shock-wave surface 

- - •— * ur, ‘" 

should be asymptotic to the Mach cone. 

0 ) The direction of the ray. for the tr.n.mitter. mU.ile .nd 

S2SSSSSS 

reflection. 

( l)\ W Since little definitive work he. beendon. to .eeur-ely 

:^===:==— “ 
below 100 km. 

( o') ^ The Vienna gain pattern. for both the monopol. tr.o.milter 

V ' -T t DAA rec.lving .ntenn. *re p»rt of the program. The 
antennas and the X-OAA receiving supplied by ITT by using 

(.In patttro let the M 1 ** • ..... ...hnlqu. to. 16 tttooopolt 

zzsxzz :,^%vr„:vr ..... - — — 










